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1. SYSTEM OVERVIEW OF LAND-BASED TEST

KT MARINE (Korea Top Marine) has developed the KTM-BWMS (Ballast Water
Management System), named MARINOMATE™ BWMS, which is based on electrochemical
disinfection and designed to meet the requirements of IMO (International Maritime
Organization).

Basic Approval of the MARINOMATE™ BWMS has been submitted to MEPC 63 and the
twenty-first meeting of the GESAMP-Ballast Water Working Group (BWWG) reviewed the
application for Basic Approval of the MARINOMATE™ BWMS and recommended that Basic
Approval of the MARINOMATE™ BWMS be granted.

The land-based test of the MARINOMATE™ BWMS was conducted at a test facility of the
Republic of Korea from April to October 2013. The facility, Korea Institute of Ocean Science
& Technology (KIOST), is located at Jangmok-myeon, Geoje, Gyeongsangnam-do, Republic
of Korea (Figure 1).

a Naeryuk Expressway

U Station

South Sea
Research Institute

Figure 1. Land-based test facility of MARINOMATE™ BWMS
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The land-based test facility was established in January 2013 in order to improve an
international reliability of the Ballast Water Management System (BWMS) and KIOST is in
charge of the maintenance of the facility.

All units of the MARINOMATE™ BWMS are installed in a 20-feet container (the only TRO
sensor is installed outside) and the facility of the MARINOMATE™ BWMS has been
established in April 2013 after pre-commissioning of the test facility from January until March
2013.

The whole test regarding ballasting and de-ballasting process was conducted by staffs of
KIOST according to strict QA/QC and all data during operating was recorded and managed
by using log sheets.

MARINOMATE™ BWMS consists of a plankill pipe™ unit, an electrolyzer unit, a
neutralization unit and a system control unit and mounted directly in the main ballast line.

During ballasting, inlet water flows through the plankill pipe™ unit by the ballast pump and
aquatic organisms are damaged or shocked by physical effects. Damaged aquatic
organisms are disinfected passing through the electrolyzer unit which generates Active
Substances (AS). In the meantime, the generated AS are automatically monitored by TRO
sensor and maximum allowable dosage of the AS concentration is 10 mg/L TRO as Cl,.

During de-ballasting, a neutralizing agent is injected before discharging the treated water
overboard to neutralize the residual chlorine in the ballast tank. Aqueous solution of sodium
thiosulfate is used as the neutralizing agent and neutralizing dosages are controlled by PLC
and the Maximum Allowable Discharge Concentration (MADC) is kept less than 0.2 mg/L
TRO as Cl,.

The specifications of the land-based test facility and components of MARINOMATE™
BWMS are described in Table 1.
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Table 1. Specifications of Land-based test facility and components

No

Item

Q'ty

Unit

Specification

Remarks

Ballast pump

set

Max. capacity : 500 m°/hr (1750RPM)
Motor : AC 380V/45kw/60Hz
Head : 15mH

KIOST

De- Ballast pump

set

Max. capacity : 250 m°/hr (1750RPM)
Motor : AC 380V/30kw/60Hz
Head : 20mH

KIOST

Plankill pipe™ unit

set

Material : SPP(SCH 40)
Connection : 200A flange type
Size : 1450 x 319 (Lx @)

KT Marine

Electrolyzer unit

set

Material of chamber : SS400, 10T
(Epoxy tar coating)

Connection : 200A flange type

Size : 1483 x 470 x 564 (L x W x H)

KT Marine

Neutralization unit

set

Material of tank : SUS 316

- Capacity : 60Liter

- Size : 480 x 270 x 870 (L x W x H)
Neutralizing agent: Sodium thiosulfate
- concentration: 25% aqueous solution
- Motor : AC 200V/60Hz

KT Marine

System control unit

set

Material : SS41, 2.3T
Size : 900 x 430 x 1600 (L x W x H)
Touch screen : 15inch, HMI, PLC

KT Marine

Rectifier

set

Capacity : 39.6kw (12V, 3300A)
Size 11222 x 450 x 1172 (L x W x H)
Type : IGBT

KT Marine

Test water tank

set

Material : SS400
Capacity : 500ms
Size : Diall.0m x 5.5mH

KIOST

Treated water tank

set

Material : SS400
Capacity : 250ms
Size : Dia7.5m x 6.0mH

KIOST

10

Control water tank

set

Material : SS400
Capacity : 250ms
Size : Dia7.5m x 6.0mH

KIOST

11

Feed tank

set

Material : PE
Capacity : 5bms
Size : Dial.81m x 2.2mH

KIOST

12

Flow meter
(Ballasting)

set

Model : KTM-800

Size : 300A, flange type
Accuracy : £0.5%
Range : 0~1000 m®/hr

KIOST

13

Flow meter
(De-ballasting)

set

Model : KTM-800

Size : 200A, flange type
Accuracy : £0.5%
Range : 0~500 m®hr

KIOST

14

TRO sensor

set

Model : CLX-HF

Range : 0~10ppm

Output : 4-20mA, RS-485
Operation temperature : 5~40C
Including sampling pump

- Pressure boost pump

- 1.5L/min

KT Marine
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2. OPERATION PROCESS

The operation processes of MARINOMATE™ BWMS are divided into the ballasting process
and de-ballasting process. Each process is described below.

The land-based test was performed at a test facility, Korea Institute of Ocean Science &
Technology (KIOST), which is located at Jangmok-myeon, Geoje, Gyeongsangnam-do,
Republic of Korea. The biological efficacy test, chemical analysis for Disinfection By-
Products (DBPs) identification and the aquatic eco-toxicity test were conducted by Korea
Marine Equipment Research Institute (KOMERI), Korea Testing & Research Institute (KTR)
and Marine Eco-technology Institute (MEI), respectively. All test procedures were supervised
by KIOST according to the strict QA/QC.

For a seawater test, natural seawater was taken from south coast near KIOST and natural
seawater was mixed with tap water for a brackish water test and a low salinity test(8psu).

When the brackish water and low salinity testing, tap water was filled with the test water tank
and then mixed well and aerated using a submerged mixer. After measuring the residual
chlorine concentration (0.00 mg/L TRO as Cl,), the salinity of test water was adjusted by
supplying natural seawater.

Before operating, check that the TRO sensor is functioning correctly using ultrapure water
and the TRO concentration was 0.00 mg/L TRO as Cl, at that time.

2.1 Ballasting Process

For the seawater and brackish water test, a test water tank was filled with natural water
taken from south coast near KIOST by a pump and the salinity was measured. Also, the
density of aquatic organisms was measured directly on site and injected into a feed tank,
and then starch and glucose were added in the test water tank.

After checking the valve line up, the valves involved in the main ballast line were opened. A
ballast pump and an electrolyzer unit were turned on at the same time. In the meantime,
aguatic organisms in the feed tank are injected into the ballast pipe line by a feed pump. The
flow rate of 500 ms/hr was maintained by a ballast pump and the treated water (250 ma/hr)
and untreated water (250 ms3/hr) were sent to the Treated water tank (T1) and the Control
water tank (C1), respectively.

During ballasting process, MARINOMATE™ BWMS was able to generate Active Substances
from the electolyzer unit in order to disinfect aquatic organisms. A maximum allowable
dosage of TRO (AS) was approximately 10 mg/L TRO as Cl,. The dosage is sufficient to
disinfect the aquatic organisms.

Some electrolyzed water (10 mg/L TRO concentration as Cl,) after passing through the
electolyzer unit is sent to the front of the plankill pipe™ unit and then it is circulated. This
circulation process can prevent the formation of biofilms which can attach and grow inside of
the plankill pipe™ unit.
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For an analysis of gas generated during ballasting process, the gas sampling was carried
out at the rear of the electrolyzer unit and the treated water tank (T1). A flow diagram of
MARINOMATE™ BWMS ballasting process is described in Figure 2.
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Figure 2. Flow diagram of MARINOMATE™ BWMS ballasting process

2.2 De-ballasting Process

During de-ballasting process, treated water in the Treated water tank (T1) was neutralized
passing through a neutralization unit to remove the residual chlorine before discharge. The
neutralization process is to minimize harmful effects on marine ecosystems.

As a neutralizing agent, agueous solution of sodium thiosulfate (concentration: 25%) was
used and the dosage was controlled according to the residual TRO concentrations of treated
water and discharge flow rates.

Before de-ballasting process, check that the two TRO sensors are functioning correctly using
ultrapure water and the TRO concentration was 0.00 mg/L TRO as Cl, at that time.

After mixing the Treated water tank (T1), valves of de-ballasting line were checked. Then,
the de-ballasting pump was operated.

For de-ballasting process, two TRO sensors are needed to measure the residual TRO
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concentration of treated water before and after neutralization. The Maximum Allowable
Discharge Concentration (MADC) was maintained less than 0.2mg/L TRO as Cl,.

Dosages of the neutralizing agent may vary from the residual TRO concentration of Treated
water tank (T1) and were injected 190~270 ml/min in the seawater and 20~80 ml/min in the
brackish water. The dosage rates were slightly higher than theoretical dosage rates.

A flow diagram of MARINOMATE™ BWMS de-ballasting process is described in Figure 3.

@ TRO METER (Algi4e] T Hagfel)
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. i I
= FEED T/K M2 913 AME
C/R_INJECTI = ~ Land Base Test Bad System DIAGRAM ey
0T : THO VIR WA X N - e

Figure 3. Flow diagram of MARINOMATE™ BWMS de-ballasting process
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2.3 Operation Procedure Log-sheet

The land-based test of MARINOMATE™ BWMS for IMO Final Approval was carried out at a
test facility, KIOST. All procedure for the test, from start to finish, was conducted by staffs of
KIOST under strict QA/QC and the time for each procedure was recorded.

Onsite measurement items are checked by staffs of KIOST and the sampling was sealed
and transferred to an analyzing institute with them and also, KIOST staffs conducted QA/QC
on on-site until the analysis has been completed.

The log sheets were divided into the ballasting operation and de-ballasting operation and the
details of the procedure are described below.

Also, all log sheets on the land-based test of MARINOMATE™ BWMS are described in
section 4.
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2.3.1 Log sheet of ballasting operation
All log sheets on the land-based test of MARINOMATE™ BWMS are described in section 4.

KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operation Log Sheet

Check List for Land-Based Test Mode : Ballasting Test No. :
Test water : Sea Water( > 32PSU) DATE :
Time No. Work Mode Value Remark
1 |Ready to Start Preparation
G Control Panel Rectifier
2 |System Check Preparation Valves R —
3 | Test water tank Check Preparation
Starch :
4 | Additives Make-up in Test water tank Preparation | Glucose : Basis : 500m’
Silica(TSS) :

5 | Waiting for Mixing(Test water tank) | Preparation

6 |Valve Check Preparation Treated & Control
7 | Check of Organism density Preparation || KOMREX

Zooplankton
8 |Organism Injection Preparation
9 |TRO Analyzer Check Preparation
10 |Valve Line up Ballasting Treated & Control
11 |Ready for Electrolyzer Ballasting YES NO
12 | Valve Open Ballasting Treated & Control
13 | Transfer Pump Start Ballasting Treated & Control
14 |Electrolysis Unit Start Ballasting
15 |[TRO Check(each 2 minute) Ballasting | TRO value | Voltage Current
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Check List for Land-Based Test

Mode : Ballasting

Test No. :

Test water : Sea Water( > 32PSU) DATE :
Time No. Work Mode Value Remark

15 |TRO Check(each 2 minute) Ballasting | TRO value | Voltage Current
16 | Monitoring of Sampling(beginning) | Ballasting Treated & Control
17 | Monitoring of Sampling(middle) Ballasting Treated & Control
18 | Monitoring of Sampling(end) Ballasting Treated & Control
19 |GAS Sampling of Electrolyzer Ballasting
20 |GAS Sampling of Treated Tank Ballasting
21 |Electrolysis Unit Shutdown Ballasting
22 | Transfer Pump Stop Ballasting
23 | Valve Close Ballasting Treated & Control
24 |Line Drain Ballasting Treated & Control

Reported By : KT MARINE

Witnessed by : KIOST
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2.3.2

Log sheet of de-ballasting operation

KT MARINE BWMS Check List for Land-Based Test(Final Approval)
De-Ballasting Operation Log Sheet

Check List for Land-Based Test Mode : De-Ballasting Test No. :
Test water : Sea Water( > 32PSU) DATE :
Time No. Work Mode Value Remark
1 |Ready to Start Preparation
2 |System Check Preparation Sl Froel Noprine
Valves

3 | Treated Water Tank Check Preparation
4 |GAS Sampling of Treated Tank Preparation
5 |Treated Water Tank Sampling Preparation
6 |Mixing of Treated Tank Preparation
7 |Prepare of Neutralization reagent Preparation
8 | Valve Check Preparation Treated & Control
9 |TRO Analyzer Check Preparation
10 |Valve Line up DeBallasting Treated & Control
11 | Valve Open De-Ballasting Trested Coutrol Treated & Control
12 | Transfer Pump Start De-Ballasting Treated Cootrd Treated & Control
13 |Injection of Neutralization reagent De-Ballasting
14 | TRO Check(each 2 minute) De-Ballasting Before After
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Check List for Land-Based Test Mode : De-Ballasting Test No. :
Test water : Sea Water( > 32PSU) DATE :
Time No. Work Mode Value Remark
14 | TRO Check(each 2 minute) De-Ballasting Before After
15 |Monitoring of Sempling(beginming) | De-Bilasting [——eied Eonéyl Treated & Control
Treated Control
16 |Monitoring of Sampling(middle) DeBllasting Treated & Control
Treated Control
17 |Monitoring of Sampling(end) DeBellasting Treated & Control
Treated
18 |Transfer Pump Stop DeBallasting L Treated & Control
19 |Valve Close De-Bllting [— oaed e Treated & Contrdl
20 |Line Drain DeBallasting L it Treated & Control

Reported By : KT MARINE

Witnessed by : KIOST
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3. DETAILS OF UNIT
3.1 Plankill Pipe™ Unit

The plankill pipe™ unit is used as a pre-treatment unit, but entirely different form a filter
commonly used as the pre-treatment unit. The plankill pipe™ unit works without external
power supplies (non-motorized) during the ballasting process.

The plankill pipe™ unit is mounted directly in the main ballast pipe line and a shaft including
impellers and baffles is equipped in the pipe. When inlet water passes through the plankill
pipe™ unit during ballasting, the shaft is rotated at high speed by inlet flow velocity and
turbulence is generated by impellers. Besides, when the impellers rotate, the direction of the
inlet water flow is facing towards the wall in the pipe by centrifugal force and secondarily
strong turbulence is generated by colliding baffles.

The land-based test was operated at flow rates of 250 ms/hr (Velocity: 2.2 m/s), the
differential pressure (AP) of the plankill pipe™ unit was 0.2 kgd/cmz2 (Inlet pressure: 0.8
kgi/cm?, Outlet pressure: 0.6 kg/cm?). The differential pressure of the plankill pipe™ unit has
not increased, due to a larger diameter pipe of the part where impellers are located.

Zooplanktons such as Artemia salina and Oithona sp. are damaged or shocked by physical
effect as collision and turbulence, which increase the efficiency of an electrolyzer unit.

The plankill pipe™ unit will be operated by the pressure difference on shipboard. The
operation pressure varies depending on the capacity and head of the ballast pump, length
and size of installed pipe. The alarm system will activate when 0.5 kgi{/cmz2(pre-setting value)
is detected, and if the pressure comes to 0.8 kgi/cmz2, all systems will be shut down
automatically for safety of ships and crews. (Appendix 8. Chapter 9)

Therefore, the crews have to carry out maintenance periodically according to Appendix 8.
Chapter 7 in order to not have problems in operating

3.1.1 Efficacy test of the Plankill Pipe™ Unit

The efficacy test of the plankill pipe™ unit was analyzed by Korea Marine Equipment
Research Institute (KOMERI). To demonstrate effect of zooplankton by the plankill pipe™
unit, efficacy test has performed 3 times during land-based test. Sample was collected at the
front and the rear of the plankill pipe™ unit. Test organism, Artemia salina; = 50 ym aquatic
organism, was observed for appendage damage and immobilization under microscope.
Zooplankton was concentrated by plankton net (diagonal 45 ym mesh size). Sampling
volume was 20 L at inlet and outlet sampling port, respectively. Each sample was analyzed
in triplicate, and damage rate was calculated as follows;

D te (%) = (Inlet individuals — Outlet individuals) « 100
amage rate (%) = Inlet individuals
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3.1.2 Theresults of test

Artemia salina was affected for morphological damage and caused immobilization through
the plankill pipe™ unit. Damage rate was 39.4%, 34.5% and 41.4% each cycle.

Test cycle Inlet (A) Outlet (B) Distin(zg())n (A Dam?% rate a\;l-efjrt:glye
21,000 14,000 7,000 33.33

" r};t;j;}g) 26,000 16,000 10,000 38.46
24,000 13,000 11,000 45.83
84,000 57,000 27,000 32.14

(iﬁ;dst_/eritg) 81,000 57,000 24,000 29.63 38.01%
87,000 51,000 36,000 41.38
12,000 7,000 5,000 41.67

(ir?]’:st.‘/*;ts) 11,000 8,000 3,000 27.27
14,000 6,667 7,333 52.38

3.1.3 Effect on the circulation system

Basic Approval of the MARINOMATE™ BWMS has been submitted to MEPC 63 and the
twenty-first meeting of the GESAMP-Ballast Water Working Group (BWWG) reviewed the
application for Basic Approval of the MARINOMATE™ BWMS. In the twenty-first meeting of
the GESAMP-BWWG, The group asked how to remove fouling in the plankill pipe™ unit, KT
Marine responded that the circulation system will be adapted.

The circulation system serves to send some Active Substances (AS or TRO) generated by
electrochemical disinfection of the electrolyzer unit to the front of the plankill pipe™ unit. This
system consists of a circulation pump for transferring TRO generated from the electrolyzer
unit, a flow meter for measuring flow rates and valves.

During ballasting, the concentration of TRO generated by electrochemical disinfection of the
electrolyzer unit is 10 mg/L TRO as Cl, and some TRO are sent to the front of the plankill
pipe™ unit. Flow rates of the circulation by a circulation pump are calculated by using the
equation below and the mixture concentration of TRO at the mixing point (in front of the
plankill pipe™ unit) to prevent the formation of biofilms is approximately 0.5 mg/L TRO as Cl,.

Q1€ +Q2C,

C =
Qm(O) L+,
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C=0.5mg/L

Q,=250m'/hr o ‘P Plankill Pipe Electrolyzer , Ballast
- 7 ) Unit Unit Tank
FIM
Qz=? m/hr
C,=10mg/L

As shown above, when the inlet flow rate is 250 ms3/hr and the concentration of the
generated TRO is 10 mg/L TRO as Cl,, to maintain the concentration of 0.5 mg/L TRO as Cl,
in front of the plankill pipe™ unit, the flow rate of circulation should be kept about 14 ms/hr.

KT Marine was considering on setting the TRO concentration in order to prevent the
formation of biofilms. According to Guidelines for drinking water quality (2011, 4™ edition,
WHO), present in most disinfected drinking water at concentration of 0.2~1.0 mg/L chlorine.
Consequently, KT Marine decided to keep the residual chlorine concentration of 0.5 mg/L
TRO as Cl, to prevent securely the formation of biofilms in the ballast pipe line and plankill
pipe™ unit.

Therefore, in the land-based test of MARINOMATE™ BWMS for IMO Final Approval, the
circulation flow rate of the circulation system was kept 14 ms/hr to generate the TRO
concentration of 0.5 mg/L TRO as Cl, at the mixing point (in front of the plankill pipe™ unit).

The circulated flow rate (14 ms/hr) and TRO (0.5 mg/L) will not accumulate in the electrolyzer
unit because power supply of the rectifier is automatically controlled to keep the maximum
allowable dosage (10 mg/L TRO as Cl,) of rear of the electrolyzer unit.

Also, when some Active Substances generated by an electrolyzer unit are sent to the front of
the plankill pipe™ unit, the effects on Disinfection By-Products (DBPs) generated by using
the electrolyzer unit again were evaluated and analyzed by Korea Testing & Research
Institute (KTR). The chemical analysis test was conducted to confirm changes in
concentration of by-products between circulation condition and non-circulation condition in
the facility of the MARINOMATE™ BWMS for the land-based test. In the circulation condition,
the circulation flow rate was kept 28 ms/hr to generate the TRO concentration of 1.0 mg/L
TRO as Cl, at the mixing point (in front of the plankill pipe™ unit) in order to verify
performance in a worse condition.

As shown in the table below (the details of analysis are described in Appendix 5), the result
of the chemical analysis indicates that concentration of by-products generated between in
the circulation condition and non-circulation condition have not changed dramatically. Also,
the land-based test was carried out at lower circulation flow rate and concentration than the
worse condition mentioned above, such as circulation flow rate of 14 ms/hr and the TRO
concentration of 0.5 mg/L TRO as Cl,, respectively. Therefore, changes in by-products are
expected to be less.
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Non-circulation condition
(Before plankill pipe™ unit)

Circulation condition
(After plankill pipe™ unit)

Substances

DO concentration (ug/L)(2013. 04. 04)

Bromate 175 151
Trichloromethane N.D. N.D.
1,2-Dichloroethane N.D. N.D.
1,2-Dichloropropane N.D. N.D.
Dichlorobromomethane N.D. N.D.
Dibromochloromethane N.D. 0.81
Tribromomethane 117 101
1,2,3-Trichloropropane N.D. N.D.
Monochloroacetonitrile N.D. N.D.
Monobromoacetonitrile 0.20 0.20
Tribromoacetonitrile N.D. N.D.
Dichloroacetonitrile N.D. N.D.
Bromochloroacetonitrile 0.10 0.11
Dibromoacetonitrile 8.49 9.38
Tribromoacetonitrile 1.04 1.17
Bromodichloroacetonitrile N.D. N.D.
Dibromochloroacetonitrile N.D. N.D.
Chloral hydrate N.D. N.D.
Chloropicrin 0.02 0.02
Monochloroacetic acid N.D. N.D.
Monobromoacetic acid 2.22 2.11
Dichloroacetic acid N.D. N.D.
Dalapon N.D. N.D.
Trichloroacetic acid 3.64 3.52
Bromochloroacetic acid 4.88 458
Dibromoacetic acid 1.82 1.92
Bromodichloroacetic acid 42.5 41.4
Chlorodibromoacetic acid 4.95 4.88
Tribromoacetic acid 26.8 27.3
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3.1.4 Drawing
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3.1.5 Specification

» Material :SPP (SCH40)

= Connection : Flange type

» Pipe Diameter : 200A (8 inch)
» Size : 1450 x 319 (L x @)

- | = Composition : Shaft, Impellers, Baffles
k | » Differential Pressure (AP) :

Approximately 0.2 kgdcm? (at 250 m?/hr)
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3.2  Electrolyzer Unit/ Gas Ventilation System

An electolyzer unit of MARINOMATE™ BWMS is installed directly in the main ballast line.
During the electrolysis process, Active Substances (AS) are generated and these AS are
effective in disinfecting aquatic organisms in the ballast water. In addition, the residual AS in
the treated water can inhibit re-growth of organisms in the ballast tank.

For electrochemical disinfection, power is supplied to the electrolyzer unit by using a rectifier.
During ballasting process, the treated water passed through the electrolyzer unit is
measured by the TRO sensor and can be monitored by a system control unit. Also, the
system control unit, which is based on Programmable Logic Control (PLC) and Human
Machine Interface (HMI), has a feed-back system for adjusting power supply automatically
according to the TRO concentration.

3.2.1 Drawing of Electrolyzer Unit
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3.2.2 Specifications of Electrolyzer Unit

= Material of chamber : SS41
(Internal : Epoxy tar coating)

= Connection : 200A Flange type

= Flange : JIS 10K

= Size : 1483 x 470 x 564 (L x W x H)

= Material of electrode : Titanium

= Material of side support : PP

= Busbar : Brass 6t, 10t

= Gasket(packing) : Rubber 2.4t

During electrochemical disinfection of an electrolyzer unit, hydrogen gas (H,) as a by-product
is produced at the cathode. Hydrogen gas is nontoxic, non-taste and colorless, but high
explosive at a very wide range of concentrations between 4% and 75% by volume.
Therefore, hydrogen gas should be properly vented to the outside whenever it is generated.

In the land-based test, a gas separation component was installed for measuring the amount
of hydrogen gas collection and after checking the amount of gas collection, gas sampling
was carried out. But for shipboard test, the gas ventilation system of the MARINOMATE™
BWMS includes a gas separation component, an air vent system for separating gas from
water and a gas detector system for measuring the concentration of separated hydrogen gas.

The treated water flows vertically along the pipeline and then, it needs to move below to the
ballast tank. In the meantime, the hydrogen gas moves with some of the treated water to
empty spaces of the gas separation component because the specific gravity of hydrogen gas
is lower than that of water. An air vent system which is located on top of the gas separation
component will separate hydrogen gas from water and vent hydrogen gas only. The vented
hydrogen gas moves the gas detector along the pipeline. In order to perform this function,
the air vent system should be installed vertically. The gas detector is an auto sampling type
which includes a diaphragm pump so that the concentration of hydrogen gas can be
automatically measured and vented overboard. The gas detector is linked to a system
control unit and an alarm system of the system control unit is activated when 1% of
hydrogen gas concentration is detected and if the hydrogen gas concentration is over 2%, all
systems are shut down automatically and immediately for safety of ships and crews.

Also, apart from the gas ventilation system including a gas detector, the hydrogen gas
detector will be added supplementally in a pump room or engine room where the
MARINOMATE™ BWMS will be installed. If the connections of the electrolyzer unit to the
pipe, gas separation component to air vent and hydrogen gas detector to flexible hose are
successfully installed, hydrogen gas outflow will not occur. But a dangerous situation can
occur if it is not properly installed.
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Therefore, the hydrogen gas detector installed additionally will detect and activate the alarm
system and if necessary all system will be shut down.

3.2.3 Drawing of Gas Ventilation System

=}

l d
;
2 ¥
- BALL VALVE P
i
i
el .
S FALMMEE l

3 O O™ 3
IR VENT BAL VRYE . IR VENT \
GAS DETECTOR(HZ)
. \( Bas Separation Canponent |
/ﬁ 1
4
;:L, |

It
B

i
] 2y
f _\q& !
' GAS DETECTOR S| tion
N — | rene
h& s ‘ Measuring range | 0~100%LEL 0~2,000ppm 0~100%Vol
g, T Response time | <15sec / 0% scale
g -
- BALASTPIPELINE - oy ___[ 45% [ Fllscale

Output signal Analog output : 4~20mA DC

| Qpreating power | 18~31V DC(24V DC normal) / 200mA max i
Weight 1.5kg
Approval Flame proof type (Ex d IC Gb T4, T6) ATEX, IECEx, IP67

Flame proof type (Ex d IC TS, IPES)Cs, IPGE/ET, RERS]
5 MED, KR, ABS, DM g
% DESCRIPTICN DATE | DRWN | DSGN | CHKD | APFD -
e R Gas Ventilation System
m MARINOMATE | ziric ‘:-m |~:| ‘ CLASS
KT MARINE CO., LTD | scar | wone | oae | [ rev.no
A ] T T ] T E 1 r T T H T

3.2.4  Specifications of Gas Detector

= Measuring type: Auto sampling type

i | = Measuring range: O ~ 100% LEL
cavlemet | w Accuracy: + 3 %
Non intrusive - Dlsplay LED dlsplay
e | = Output signal: 4 ~ 20 mA DC
= Operating temperature: -40°c ~ 80°c
» Operating humidity: 5 ~ 99 % RH
wninsve | Operating power:
B | normal 24V DC / 200 mA
» Weight: 1.5 kg
* Dimensions:

650 x 500 x 200 mm (L x W x D)

/ outside cover

136 x 166 x 110 mm (L x W x H)

/ only detector

Power LED
Cable inlet
Non intrusive

control
Function switch

Mount hole -Mounl hole

Non intrusive
control
Up switch

Sensor head
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3.3 Rectifier

A rectifier of MARINOMATE™ BWMS will be made by custom-order which ranges from 0 to
12 V of voltages and from 0 to 3300 A of currents.

A rectifier is an electrical device that converts from alternating current (AC) to direct current
(DC) and provides the power and designed to adjust concentrations of TRO generated by
electrochemical disinfection during ballasting.

The changes in voltage and current of the rectifier supplying to the electrolyzer unit are
adjusted automatically by PLC of the system control unit. This feed-back control is operated
according to the TRO concentration generated by the electrolyzer unit.

The rectifier of MARINOMATE™ BWMS is a variable type and operated by a constant
current control system.

During ballasting process, the power supply consumption of brackish water tests was
increased more by approximately 13% than the power supply consumption of seawater tests.

3.3.1 Drawing
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10000
161616262

Tl v fuime

DC POWER SUPPLY(GBT) %] KSTI~2012-11
& PCB WIRING |¥| ER-M11-06-001

3.3.2 Specifications

= Rectifier type: IGBT type
= Size: 1222 x 450 x 1172 mm (L x W x H)
= Capacity: DC 12V, 3300A (39.6Kw)
= Input: AC 3P 380V, 60Hz
= Power factor/ efficiency : 98 % / 98 %
= VVoltage and current stability : V1 % /A +1%
= Current sensing method : shunt 50 mV
= Other:

- Remote controller

- IGBT control

- Alarm light
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3.4 TRO sensor

During ballasting process of seawater or brackish water, Active Substances (AS) are
generated by electrochemical disinfection of the electrolyzer unit.

The Active Substances (AS) are used for disinfecting aquatic organisms in the seawater or
brackish water and shall be maintained proper concentration to disinfect aquatic organisms
by using the on-line TRO sensors.

The TRO sensor of MARINOMATE™ BWMS has been designed to meet the design criteria
specified by Standard Methods of the Examination of Water and Wastewater (21th Edition)
Method 4500-CI G. DPD Colorimetric Method. This TRO sensor uses a 515 nm LED as the
measurement light source.

For ballasting process, a TRO sensor is installed at the rear of the electrolyzer unit. For de-
ballasting process, two TRO sensors are needed to measure residual TRO concentration of
treated water before and after neutralization.

Before the ballasting and de-ballasting process, the TRO concentration was measured using
ultrapure water to see if the TRO sensor is functioning correctly and the concentration level
of the TRO sensor was 0.00 mg/L TRO as Cl, at that time.

TRO sensors can be added depending on the location and configuration of pipelines.
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3.4.1 Specifications

After electrolyzer unit After neutralization unit

Measurement range : 0 ~ 10.00 mg/L

Resolution : 0.01 mg/L

Cycle time : 110 seconds to 10 minutes
(use 120 seconds)

Display : Multi-line Liquid Crystal Backlit Display

Analog output : 4 ~20 mA , 600 Q

Water pressure : 0.34 ~ 10.3 bar

Flow rate to waste : 200 ~ 400 mL/min

Operating temperature : 5 ~40 C

Power supply : 100 ~ 240V AC, 47 ~ 63 Hz

Enclosure rating : IP66 / NEMA 4X
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3.4.2 Calibration of TRO sensor

34 psu TRO D.l. Water TRO
0.85 1.07
0.85 1.07
0.90 1.06
0.91 1.06
1 mg/L 0.89 1 mg/L 105
0.88 1.04
0.86 1.03
0.87
0.87
Average 0.88 Average 1.05
4.64 5.28
4.65 5.30
4.81 5.29
4.75 5.26
5 mg/L 178 5 mg/L 531
4.76 5.28
4.80 5.22
4.76 5.28
4.75 5.25
Average 4.74 Average 5.27
9.06 9.87
9.17 9.90
9.46 9.94
9.06 10.11
10 mg/L 930 10 mg/L 901
8.52 10.03
9.18
9.26
Average 9.13 Average 9.96

<Calibration graph>

15
X 34 PSU
R2 = 0.9989
10
TRO con.
Rz = 0.9993
(mg/L)
5
O T T T T T T T T T

1 2 3 4 5 6 7 8 9 10
Detecting Interval (times)
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3.5 Neutralization Unit

During de-ballasting process, the neutralization unit of MARINOMATE™ BWMS serves to
reduce residual chlorine of the treated water in the ballast tank before discharging overboard
in order to neutralize similar to the concentration of natural seawater.

Two TRO sensors are used for measuring residual TRO concentration before and after
neutralization during de-ballasting. One TRO sensor (TRO #1) is used for measuring
residual TRO concentration before neutralization. The other TRO sensor (TRO #2) after
neutralization is used for monitoring that residual TRO has been properly neutralized.

As a neutralizing agent, aqueous solution of sodium thiosulfate (concentration: 25%) is
injected and the dosing rate is adjusted by de-ballasting flow rates and residual TRO
concentration in the ballast tank. In addition, the residual TRO concentrations after
neutralization (TRO #2) are controlled by using PLC and HMI of the system control unit.

The neutralizing agent is directly injected into the de-ballast pipe line by a dosing pump. As a
result, the Maximum Allowable Discharge Concentration (MADC) of TRO in the discharge
water is kept less than 0.2 mg/L TRO as Cl,.

Sodium thiosulfate pellets are easily soluble in water but need more time to make high
concentration of them. With that, aqueous solution of sodium thiosulfate has been used.

Aqueous solution of sodium thiosulfate is no any risk to the safety of ships during storage
and handling processes. But when refilling the neutralizing tank with a neutralizing agent and
connecting/ disconnecting before and after loading, ship’s crew deals with the neutralizing
agent. Before handling the neutralizing agent, the crews should wear Personnel Protective
Equipment (PPE) including protective eyewear, rubber gloves, rubber shoes and hard hats.

If eye contact occurs while handling, flush the eyes with plenty of water for at least 15
minutes. When in contact with skin, it is also need to be flushed with plenty of water for at
least 15 minutes.

The details of loading, storage of the neutralizing agent and Personnel Protective Equipment
(PPE) are described in Appendix 8 “Operation manual” section 5.2.3.
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3.5.1

Drawing
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3.5.2

Specifications

» Tank capacity : 60 liter

= Size : 480 x 270 x 870 (L x W x H)

= Neutralizing agent :

agueous solution of sodium thiosulfate

(25%)
= Tank material : SUS 316
= Motor : 2.2Kw x 2P, 60Hz,
Max. 8400 rpm
= Max. flow rate : 3000 ml/min
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3.6  System Control Unit

The system control unit automatically monitors and controls the status of the
MARINOMATE™ BWMS during ballasting and de-ballasting process. This unit is linked to a
flow meter, a conductivity meter, TRO sensors and various pumps, so the values obtained
from them can be recorded and saved. Also, the system control unit is designed to choose
the auto mode or the manual mode.

During ballasting and de-ballasting process, an operator can operate the unit according to
the operation logic (see the Appendix 8 “Operation manual”’) of Programmable Logic
Controller (PLC) of the system control unit and manipulate system via the touch screen of
Human Machine Interface (HMI)

Alarm systems are activated when problems or malfunctions are caused during operation, so
the operator can easily recognize. Furthermore, in the event of an emergency, the system of
MARINOMATE™ BWMS will automatically shut down.

3.6.1 Drawing

LIST OF INNER PART

LEELLELTL
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3.6.2 Specifications

= Material : SS41
* Thickness : 2.3T
= Touch Screen : 15 Inch, 220V 60Hz IP65
» OS Support : Windows XP/ CE
= Main Source : 380 V, 3g
= Size : 900 x 430 x 1600 (L x W x H)
= Operating Mode : Auto/ Manual
= PLC : AC 220V (Base: 12 slot)
- Digital module of Input / Output :
DC 240V, 4mA, 32 points)
- Analog module of Input / Output :
current input (DC 4 ~ 20 mA)
- CPU module : RS-232C, 9 pin, AC 220V, 16Ksteps,
1536 points, 84 ns/step
- Ethernet : 10/100 Base-TX , Modbus TCP support,
410 mA
- Operation temperature : 0 ~55C
- Operation humidity : 5 ~ 95% RH
| = Others :

- | - MCCB, EOCR, RElay, Condenser, Converter
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4. OPERATION PROCEDURE LOG SHEET OF LAND-BASED TEST

4.1 Operation procedure log sheet

4.1.1 Seawater

KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operation Log Sheet

Test water -

Check List for Land-Based Test
Sea Water{ > 32P5U}

Mode © Ballasting

Test No. [ §edcdfo, —F
DATE : >/, & 3¢

Time No. Work Mode Value Remark
o f r3e 1 {Ready to Start Preparation
e¥:3y 2 |System Check Preparation 233;1 Penel “ \\f iiﬁ;ﬁﬁ;m g :;
0?’ s 3§ 3 | Test water tank Check Preparation
Starch 7 6&%
ef rifa | 4 |Addtives Mike-up in Test wafer tak | Preparation %ﬁé:(s";s E;;L 6 ks
© j’ D 5 | Waiting for Moang{Test water tank) | Preparation
S et 6 |Valve Check Preparation Treated & Control
; , , | Phytoplanon i
¢ 5’: i3 7 |Check of Organism density Preparation Joontanion KOMRET ? 1 %‘/ﬂ,’\
seref 8  |Organism Injection Preparation e.ma!mﬁ At « £ @IBP
e 9 |TRO Analyzer Check Preparation
e il 10 {Valve Line up Ballasting Treated & Controk
ez | 11 |Ready for Electrolyzer Bailasting vES |V | NO
i ev 12 [Valve Open Ballasting Treated & Contyol
/i re0 13 Transfer Punp Start Ballasting Treated & Control
i rov 14 (Electrolysis Unit Start Ballasting
15 'TRO Check{each 2 minute) Ballasting | TRO value | Voltage Current.
st | 3.8 | Mk
e3P | #F | »Ptv
8y | o | »Ffev
760 | 4o | =P
sedb H. e A?’;’ 2]
fu e oo 2o
seosal L Moo Y
o 87 | dio sPeo
oM | Yo 2P0
g 9 .o A Pe
el o | AfFe
fes { o Agf?}”e
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Check List for Land-Based Test Mode : Ballasting Test No. : $@audife- —/
Test water : Sea Water( > 32PSU) DATE 1 2e/2, £ 30
Time No. Work Mode Value Remark
15 | TRO Check{each 2 minute) Ballasting | TRO value | Valtage Current
A0 ) e S Fe
Feef f/ @ 2 fo
74 Y e Soff fo
recbks | e sdte
soifae | oo affe
st e e
o34 Yo b
A ) e {}f & -Lcﬁ,("u
P Yoo spbe
se, f4) Hoo spbe
9h | dho | sdtfe
4 | de | seds
redd | 4t | spdo
sm b L ot 2 Prfs
a1 16 |Monitoring of Sampling(beginning) | Ballasting Treated & Control
s 17 |Monitoring of Sampling(middie) Ballasting Treated & Control
Wop 18  |Monitoring of Sampling(end} Ballasting Trested & Control
P 19 | GAS Sampling of Electrolyzer Ealiasting
- 20 | GAS Sampling of Treated Tank Ballasting
e T P 21 [Electrolygis Unit Shutdown Ballasting
[ 50 P 22 1 Transfer Pump Stop Ballasting
Furo f’ 23 {Valve Close Ballasting Treated & Control
Aasf/ L 24 jLine Drain Ballasting Treated & Control

Reported By © KT MARINE V¥ (4% /‘Wfﬁi

Witnessed by : KIOST
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
De—Ballasting Operation Log Sheet

Check List for Land-Based Test

Test water :

Sea Water{ > 32P5U)

Mode : De-Ballasting

Test No.

N

DATE ¢/, £ o

Time No. Work Mode Value Remark
Jyaes i Ready to Start Preparation
., - . § R Covtind Panel | W i&\:ﬁf’ﬂéjﬁﬁzel' A
FEn A 2 1Svstem Check Preparation T
Vadves o
TERs 3 Treated Water Tank Check Preparation
— 4 1GAS Sampling of Treated Tank Preparation
p— 5 Treated Water Tank Sampling Preparation
rarr 6 IMixing of Treated Tank Preparation
TERIL 7 iPrepare of Neutralization reagent Preparation
faozif d  {Valve Check Preparation Treated & Contrel
R S ITRO Analyeer Check Preporation
PR 10 {Valve Line up Te-Pllastivg Treated & Control
. Treated Control . .
11 1Valve Qpen Te-Pallasting Janga iy Freated & Control
P . . . Treated Control N §
12 Fransfer Pump Start Te-Beflasting a s B JEed Treated & Control
A wga- | 13 | Injection of Neatralization reagent De-Ballasting
4 |'TRO Checkieach 2 mimate) PeTallasting Before Alter
JES F iR A M‘r‘v'ﬁ“‘é‘ 7 ng(;‘/;z7:f
Lo 02 P
B4 ceif p
“ Fo ' i
: P
LS e B i dp o il ey
E e—f i
o oh i
coe #
e j:w P
G (ft}‘ 7 5{5 £
5, it g u
f {_;;"i#i A ‘gw a
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Check List for Land-Based Test Mode @ De-Ballasting Test No. : Fadsiifer o]
Test water @ Sea Water( > 32PSU) DATE @ eeid g i
i
Time No. Work Mode Value ; Remark
14 i TRO Checkleach 2 minute) Pe-Ballactng Before After
e g
4 7
i 7
& &
o g B
o vt p
Py #
£, i n’(} "
i wh i
- Vg/{:;e PO }/ #
- o . . . . . Trested Control - .
15 [Monitoring of Sampling{beginning} | De-Ballasting 7 ;: Sn- T 5 _;njc{; Z Ireated & Control
. . - . . . Corirol " .
165 |Monitoring of Sampling (niddle) De-Ballasting o n it [reated & Control
s e i L Treated Controd —
17 [Monitoring of Sampling(end) De-Bdlasting 73/ {? el : J{ Preated & Omm)t
18 | Transter Pump S Te-Pellasting |l Contz ) Treated & Control
: ransfer Pamp Stop asting 3 ads fol: 3L reate ontro)
. Treated Cenirol
g Talve Clos Blagti : - Treated & Corir
19 [Valve Close Do Bllastirg 7o ot EEY Treated & Contral
90 |Line Dra Bl | Treated Control Treted & Ce
Line Drain Pe-Fallasting /A VY reated & Control

Reported By © KT MARINE 7%

Wiinessed by : KIOST ’\%F o5 ‘fj
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operation Log Sheet

Check List for Land-Based Test Mode : Ballasting Test No. © Seaphfep —
Test water : Sea Water( > 32PSU) DATE : =t/2. £. 4
Time Ne. Work Mede Value Remark
5957 Tep 1 Ready to Start Preparation
a)’ - f‘ 2 1 Systern Cheek Preparation 22?: Pangl ; ;\; ;Zﬁzﬁiw ! ‘:;
6§ sof| 3 |Test water tank Check Preparation

~ |Starch: F-4 £y
a¥ref | 4 | Addiives Mideup in Test water tank | Preparation |Glucose * . 8 g
/ SilealTSS) ¢

&}-" Py 5 |Waiting for Mizing(Test water tank) | Preparation

efraf- 6 Valve Check Preparation Treated & Control
) . | Phytoplankton 3} T # J
eYrre 7 [Check of Organism density Preparation ;;oplankmm KOMIREL mv j
& ;f) 8 |Organism Injection Preparation
resel 9 |'TRO Analyzer Check Preparation
soefe | 10 | Valve Line up Ballasting Treated & Control
sesase | 11 |Ready for Electvolyzer Ballasting YES § v ! NO
s 3y | 12 |Valve Open Ballasting Treated & Contral
sex3f | 13 [ Transfer Pump Start Ballasting . Treated & Control
VY 14 |Electrolysis Umit Start Baﬂasﬁﬂé
15 i TRO Check{each 2 minute) Ballasting | TRO value | Voltage Crrrent
9,63 5.9 A
7 e > 2 F A

sedx | 2.9 | agpe

Foity the | agne
0. 53 .o 280

7 F £F L0 )Mﬁ

soide | Ho | 2@be

codl | s | adfo

cesf L d | apho

cestf | g spke

cocdx | g | adle

ol g | apdde

o, 5F ef.s < f4do
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Check List for Land-Based Test
I Sea Water{ > 32P51)

Test water

Mode : Ballasting

Test No. @ Centdafer — >
DATE © »%3. £. &

Time No. Work Mode Value Remark
15 {TRC Checkleach 2 minute} Ballasting | TRO value | Voltage Current
Hoed | oot | adae
iz éof i
Aoy | Wl Sfe
P88 | d.r sdse
A adre
e ) iy | agde
fooda | oL g adre
seve |l Yt sdlo
ALl e N d-ew
FP o iy Adoo
/AR Sfew
.44 ¢ afew
o b Y. N,
Y] &Ly Iy
s t/ 2 | 16 |Monitoring of Sampling(beginning) | Ballasting Treated & Control
S £Y 17 {Monitoring of Sampling{middie) Ballasting Treated & Control
Zix/7 1 18 {Monitoring of Samplinglend) Ballasting Treated & Control
fraf | 18 |GAS Sampling of Electrolyzer Ballasting
£ :5[.;9 20 [GAS Sampling of Treated Tank Ballasting
/fzaf | 21 |Electrolysis Urﬁt Shutdown Ballasting
& Lxp 22 | Transfer Pump Stop Ballasting
i 2Pt 23 Valve Close Ballasting Treated & Control
/s 3k 24 (Line Drain Ballasting Treated & Control

Reported By : KT MARINE ¥

Witnessed by @ KIOST
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)

De—Ballasting Operation Log Sheet

Check List for Land-Based Test

Mode : De-Ballasting

Test No. ®

{uepidiofes =

Test water © Sea Water( > 32PSU) DATE @ i £
Tine No. Work Mode Value Remark
ey 1 |Readv fc Start Preparation

W b 2| System Check Prepavation ‘?mm} fured v el <
. Valves Y
S A | Freated Water Tank Check Preparation
onsan| 4 |GAS Sampling of Treated Tank Preparation
Sen e h | Trested Water Tank Sampling Preparation
Fen ind 6 |Mixong of Treated Tank Preparation
S a{; 7 |Prepare of Neutralization reagent Preparation
s if | 8 | Valve Check Preparation Treated & Control
s Li,féf 9 |'TRO Analyzer Check Preparation
s éd| 10 |Valve Line up Dellacting Treated & Contral
11 |Valve Open De-Pellasting fﬁ i;?aze%c .fzmjjif Freated & Conirgl
12 | Tramsfer Pump Start Te-Ballaging ,}mmid COWQ}; Treated & Control
i A ew L i
7Y ey 13 {Imection of Neutralization reagent Pe-Dallasting
14 TRO Check(each 2 minute) DeBallasting Before Afler
3 b .ol abonffiry
5. $if o b Lk #t
e gopf” #
7. 4F g0l e
B PR w ol fbe ‘“f;‘;'ﬁ;?fff;
,“,;a‘ﬂf“ *‘\5“; i
3 & eoef é
a4 ;f &
8L -
[ c;f &
o
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Check List for Land-Based Test

Mode : De-Ballasting

Test No. @ fey

Test water @ Sea Water{ > 32PSU) DATE @ S-ed foff
Time No. Work Mode Value Remark
| 14 PTRO Checkleach 2 roisurte) TeBallasting Before After
. =
o .
— &
o ek p
A {,ﬁ it
&8 f: " £
&t f £
: @ g g i
3.4 st f-f
15 IMonitoring of Samplingtheginning) | De-Ballasting — }:dti(; f"f}m} 7 Treated & Control
16 | Monitoring of Sampling(middie) T Peliasting fim;% afﬁf"; 7| Teaied & Control
17 {Monitoring of Samplingtend) Te-Rallasting :;m;;d p Ezlm‘;;{ Treated & Control
18 Transfer Pump Stop 1e-Ballasting j;mz%f ijiw] - Treated & Control
19| Valve Close Db-Ballasting f;“ﬁ ff““"i Treatedt & Conrol
20 1Lme Drain e Palasting (imitj, COHU?; Treated & Contrdl

Reported By © KT MARINE

Witnessed by @ KIOST
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operation Log Sheet

Check List for Land-Based Test

Mode : Ballasting

Test No. | Sewaanfey —>
DATE : »#/% . & .73

Test water .| Sea Water{ > 32PSU)
Time No. Work Mode Value Remark
o= i;&, 1  iReady to Start Preparation
o [ 2 iSystem Check Preparation %z;f: Panel 1 :f jgifz;m t g
af fo 3 | Test water tank Check Preparation
Starch © %, € £94
& f £k 4 | Additives Make-up in Test water tank Preparation {S;‘sllgccgfg S:S) -xi A
e j? Ry 5 | Waiting for Mixing{Test water tank) | Preparation
e = «f~| 6 |Valve Check Preparation Treated & Control
e rev 7 {Check of Organism density Preparation P KOMREL %‘“% 2 g
o :fa 8  iOrgamism Injection Preparation F
2y :¢g g {TRO Analyzer Check Preparation
B 1#-. 10 1Valve Line up Ballasting Treated & Control
ef :yf| 11 |Ready for Blectrolyzer Ballasting | YES |V | NO
sozaw | 12 [Valve Open Ballasting Treated & Control
;o spe] 15 (Transfer Pump Start Baliasting Treated & Control
{ #e = oe| 14 |Electrolysis Unit Start Ballasting
15 | TRO Checkieach 2 mimute) Ballasting | TRO value | Voltage Current
Fe.gr | 2§ | AP
coidd | 3F | ke
A 2. ¥ ~f ko
receb | do | sébv
ro. 38 ., ® ~fte
T @ s
reay X N
o %4 o | afle
/‘D,i,l.a_ K s fo
7623 4o af e
so.3t do wfBe
Fe. N afBe
coib 5! & adise
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Check List for Land-Based Test Mode : Ballasting Test No. | Seaukrfer —2

Test water : Sea Water( > 32P81) DATE : >=/2, &. /3
Time No. Work Mode Value Remark
15 | TRO Check(each 2 minute) Ballasting | TRO value | Voltage Current

AE, oo o

prats l/-F.G‘( afahe

je. b too | addo

£ o aPie

e 7 sRae

recrd | e | apre

/] e adde

so el oo aPse

037 e | 2p3e

N7 aAg/e

cecile | e o

£33 Y.e adde

coxd | e i

eaf il e adye

folgd | de Adfe

Ao ot 16 [ Monitoring of Sampling(beginning) Ballasting Treated & Control
/o w17 | Monitoring of Sampling(middle) Ballasting _ Treated & Contrdl
s zitfl 18 | Monitoring of Samplinglend) Batlasting Treated & Control
- 19 |GAS Sampling of Electrolyzer Ballasting '

— 20 {GAS Sampling of Treated Tank Baltasting
iE ) 21 | Electrolysis Unit Shutdown Ballasting
/el 22 | Transfer Pump Stop Ballasting
s ef | 23 |Vabve Close Ballasting “Treated & Control
J7=ef | 24 |Line Drain Ballasting Treated & Contre

Reported By : KT MARINE w2

itz AL
A
Witnessed by @ KIOST ?,7"@ K:/{)\,\
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)

De—Ballasting Operation Log Sheet

Check List for Land-DBased Test Mode : De-Ballasting Test No. !

Test water : Sea Water( > 32PSi)

s

DATE : »2/%, &, Af

Time No. Work Made Value

Remark

a5 1 Ready to Start Preparation

Control Panel | W

Neatrafizer | W

@ e Z | System Check Preparation Era— 7 |
e oA 3 | Treated Water Tank Check Preparation
- 4 {zAS Sampling of Treated Tank Preparation
S e 5 | Treated Water Tank Sampling Preparation
£ T 8§ |Mixing of Treated Tank Preparation
ey 7 |Prepare of Neutralization reagent Preparation
fe il 8 | Valve Check Preparation Treated & Control
e 3 |TRO Analyzer Check Preparation
fe B 10 [ Valve Line up Te-Rallagting Treated & Control
. - - . Control _
11 {Valve Open De-Fellasing Ry Treated & Corngrol
i . § . Trented Caontrol ) . .
12 [ Transfer Pump Start Te-Pallasting T an i Treated & Control
P AR
AT 13 iInjection of Neutralization reagent DePellestirg
14 TRO Checkleach 2 minute) - Bellasting Before After

B e ooy

P
,“:n:é‘t- ng,{' gf Farks

P @ vfer e ik fay
5.o&3 e oLl ”
%, ¥ FC s i
Ayt - #
P @t P
3,94 e i
5, 7 o e #
N o ef s
4. gf . g8} i
3, 8 ooh

5.y ooty
‘f{.k #4 Py
b5/ & i

40 / 93




Check List for Land-Based Test Mode : De-Ballasting Test No. @ Semains -

Test water © Sea Water( > 32PSU) DATE @ 2dfs
Time No. Work Mode Value
4 [TRO Checkleach 2 mimste) De-Pllasting Before }' After
& #
B &, g ¥
i ] s f £
e el p
5, o & i
£, e N #
3£ &g f’
o G LN &
£ ok i
&, eh #
& ef #
15 | Monitoring of Samplingtbegiming) | DeDBallasting (;';nzatczg (fmj:iw Treated & Control
18 |Monitoring of Sampling(middie) De-Ballesting ,j}tff fznt{j- 7 TFreated & Contral
17 [ Monitoring of Samplinglend) DePallasting ;!riaj/cf /{imr(fﬂ( Treated & Control
18 | Transter Pump Stop De-Pellasting Tm;ted Cm{ml; Treated & Controt
S Fubn Gheld
19 {Vatve Close DeBillasting jtcf;d E)nt;o; Treated & Control
% {Line Drain De-Bellastiog ,m‘ff i) Treated & Control

Reported By @ KT MARINE

Witnessed by @ KIOST
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operation Log Sheel

Check List for Land-Based Test Mode : Ballasting Test No. : §emgg-fvy--§1
Test water : Sea Water( > 32PSU) DATE © »edi3, &, 5w

Time No. Work Mode Value Remark
oF = g(ﬁ—w 1 |Ready to Start Preparation
0‘5’ T o 2 {System Check Preparation ff;}f :: Pand | x !m&ﬁ;;m E 3
& f Py 3 Test water tank Check Preparation

4 | Addtves Mibetp in T gk | Pr S 00T

'3 X tives in Test water tz - ation | Glucose @ &

7 [f‘ epar SilicalTSS) © - 3

eFzof | D |Waiting for Mixing(Test water tank) | Preparation

of e 6 | Valve Check Preparation Treated & Control
y ] | Payteplankior " ._57'5 =

efzi ;— 7  {Check of Organism density Preparation ';Ooggm KOMRED > :ﬁ Y {
& 7'3 sl 8 [Organism Iniection Preparation
ofcab 9 {TRO Analyzer Check Preparation
a ]v =3 J} 16 {Valve Line up Ballasting Treated & Control
& f:",[;_ 11 iReady for Electrolyzer Ballasting YES Wf NO
Yy 12 {¥Valve Open Ballasting Treated & Control
e 13 {Transfer Pump Start . Ballasting Treated & Control
Yy 14 {Electrolysis Unit Start Ballasting

15 |TRO Check(each 2 minute) Ballasting | TRO value | Voltage Current

reaf | 2.9 | sddle

F oo 5. % sptle

§.p5 1 3P S ifo

sofr | 3P| adde

recilp 7. ¢ il

9 PF 2.7 adile

re kb 37 2o

ioide | 3,9 o
PN 3. F SPele

‘?.?f‘ '3.? Sagfidie

fe.rf . 2 s

sead 4o 2fe

e sf | e s ile
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Check List for Land-Based Test

Test water : Sea Water( > 32PSU)

Mode  BaHasting

Test No. | Sedidader — i
DATE 1 Se/3, §.>o

Time No. Work Mode Value Remark
s 15 | TRO Checkleach 2 minute} Baflasting | TRO value | Voltage Current
fo-3f | doe | sl
re.aF §.0 sfre
e g | doe Sae
SEE 7 afroe
e ad " & W N
£ l}fé :’,Z =4 Adep
Je 3k Mo 2o
soad e afee
je.3 | Ho® oo
e dif e soe
so.bil e )} Fe
setd é e S Fe
se o | e 250
se.30. | He sh¥e
et Yo 4] Fe
se=sf | 16 |Monitoring of Sampling{beginming) Ballasting Freated & Contral
so o] 17 [ Monitoring of Sampling (middle} Ballasting Treated & Control
fF =03 18 [ Monitoring of Sampling(end) Ballasting Treated & Control
o 19 {GAS Sampling of Electrolyzer Ballasting
_ 20 |GAS Sampling of Treated Tank Ballasting
Z7 =4 | 21 |Electrolysis Unit Shutdown Ballasting
e (& 1 22 | Transfer Pump Stop Ballasting
VE & 723 |Valve Close Ballasting Treated & Controf
/- >0 | 24 |Line Drain Ballesting Treated & Control

!
| Reported By : KT MARINE =~ ¥

&’L*g,ﬁ/‘f;"?{){:‘

Witnessed by  KIOST

ol -5 2

%J/
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
De—-Ballasting Operation Log Sheel

Check List for Land-Based Test Meode @ De-Rallasting Test No. 1 S fiafee —dd
Test water @ Sea Water( > 32PSU) DATE :et2, £ sl
Time No. Work Mode Value : Remark
& tife 1 Ready to Start Preparation
ey b 2 {System Check Freparation (\LT\‘LUL ferel : ol ki
S = 2 iTreated Water Tank Check Preparation
- 4 GAS Samphng of Treated Tank Preparation
oo e 5 iTreated Water Tank Samplng Preparation
s o 6 IMixing of Treated Tank Preparation
P T iPrepare of Neutralization reagent Preparation
fe o | 8 [Valve Check Preparation Treated & Control
At P 9 VTRO Analyzer Check Preparation
Ao 4:,{;, 10 {Valve Line up De-T3alksting Treated & Control
11 |Valve Open D-Fellsting [ L} rcated & Control
S b ke
12 Transfer Pump Start Te-Ballasting | ’I‘remyed 7 ( %Omj?] ; Treated & Control
ey £t v Al
13 Injection of Neutralization reagent De-T3dlastrg
14 {TRO Check{each 2 minute) Te-Bellasting Before After
s #a ook e sl frutly
R & e i s
a3 B £ £ 2
e b @, ef ir
AT £ i
i 4T oo
RN Fa P
v noan g 4
2 §~§a e oo f #
T oo i
=i e 4 "
RN ol ‘e »:J"/f,},;ﬂ.
R :Igﬁf o
. 3 P74 p
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Check List for Land-Based Test Mode : De-Ballasting Test No. © ceasifor W,:/f

Test water - Sea Water{ > 32PSU) DATE © swis, £, et
Time No. Work Mode Value l Remark
14 | TRO Chegkieach 2 minute) Le-Beflasting Before After
é
A 7
F b g y
o el ¥ e e ity
N oowdd #
Gyt e g i
e §"’“¢5 EN . fe
L Ef ek 4
. e #
b &, 0 4
15 Monitoring of Sampling(heginning? | De-Ballastng /.( Lmd %‘;M ,(“.i?lirg 7 Treated & Conirol
16 | Monitoring of Sampling(middle) DePalasting firﬂr‘d f(;nfliﬂ/ Treated & Control
17 | Monttoring of Samplinglend) Te-Plasting lredi:'d f‘{m\mﬂ Treated & Control
L ey IERY/A B
18 | Transfer Pump Stop DeBllasting !i}e‘t‘; f;nlrjé Treated & Control
19 Valve Close Der-Ballasting ;,];m?ii; /f(‘f mjz Treated & Comtrol
2 |Line Drain Do Bllating [“tﬁd P Ty & Contr

Reported By : KT MARINE v (oL % A47ELT

Witnessed by @ KIOST el 2
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operation Log Sheet

Check List for Land-Based Test Mode : Ballasting Test No. @ Segafeo- —£
Test water : Sea Water( > 32PSU) DATE @ =e/3, 4.4
Time No. Work Mode Valie Remark
of z¢ffy 1 |Beady to Starl Preparation
e > f—.; 2 |System Check Preparation ;(;ESZ} Fanel g :; E?}:Ctgz;zﬂ E ?:
ef v év i 3 |Test water tank Check Preparation
o§:ev | 4 | Additives Makeup in Test water tank | Preparation (S}flfzccgc 1_’1,& ﬁi%
Siica(T88) 1~
e rpp| 5 |Waiting for Mixing(Test water farks) | Preparation
o zfe 6 | Valve Check Preparation Freated & Control
ef 25| 7 |Check of Organism density Preparation ;ly;f;j;m KOMRE j‘ ;;?g;}
of zow 8 | Organism Injection Preparation
o9 #gg1 9 |TRO Analyzer Check Preparation
c)j’ sxp i 10 {Valve Line up Ballasting Treated & Control
o7 =3e | 1l {Ready for Blectrolyzer Ballasting | YES |V NO
rocel 12 {Valve Open Ballasting Treated & Control
FeLo {[ 13 {Transfer Pump Start Ballasting Treated & Control
f;::g;g[ 14 {Electrolysis Unit Start Ballasting
15 | TRO Checkleach 2 inute) Ballasting | TRO value ] Voltage Curent
¢ /¥ 27 %{&:
5./9 | Yo | apile
G &l | e | splo
S P | die | sk
‘e, o) L& .a-&?f'a
5598 | e | adbe
(eax | oo | sbfw
renff e affo
rpa | Fo | sk
7@ 3 4/ ¢ adibe
e b oo apbo
sodft| Ho | sgk
coiy | do | ap3e
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Check List fo

Test water :

r Land-Based Test
Sea Water( > 32P8U)

Mode : Ballasting

Test No. :

[P o

DATE : »2/3. 5. &

Time No. ‘Work Mode Value Remark
15 | TRO Check(each 2 minute) Ballasting | TRO value | Voltage Current
soily | go sdna
ve af | Hoo sdso
Kot | o BB
/e o .o afoo
sedl | He sfev
o3l | Hoe | afoo
re. 5 | He adftew
reqh | Ko | Mfe
ro s o Mpe
roth | 4o |agdo
co bl #e | djbe
rofv | 4e S
jods | He | afbe
redlf z;‘[, o ..Q.ff) beo
re.6( | Ho | apbe
s e el Jo
VY & | 16 |Monitoring of Sampling{beginning} Ballasting Treated & Control
PrEy & 17 Moriforing of Sampling(middle) Ballasting Treated & Control
Sesta-| 18 Monitoring of Samplinglend} Ballasting Treated & Control
L 19 1GAS Sampling of Electrolyzer Ballasting
- 20 |GAS Sampling of Treated Tank Ballasting
/203 | 21 |Electrolysis Unit Shutdown Ballasting
7 zes 22 1'Transfer Pump Stop Ballasting
7 ;.ag 23 {Valve Close ' Ballasting Treated & Control
ffa/e 1 24 |Line Drain Ballasting Treated & Control

Reported By I_KT MARINE

o kb Arert—

Witnessed by @ KIOST

2 2% [l
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
De-Ballasting Operation Log Sheet

Check List for Land-Based Test
Test water © Sea Water( > 32PSU)

Mode : De-Ballasting

Test No. :

G@aticfesr — 5

DATE : »eéd ). F

Time No. Work Mode Value Remark
¢z | 1 |Ready to Start Preparation
) . T | contret Penet | V| Meutratizer |V
5‘?}? s &e 2 |Systemn Check Preparation o= V]
¥ 3 |Treated Water Tank Check Preparation
- 4 |GAS Sampling of Treated Tank Preparation
&S O 5 {Treated Water Tank Sampling Preparation
prry 6 iMixing of Treated Tank Preparation
sosit 7  iPrepare of Neutralization reagent Preparation
PrEsT 8 {Valve Check Preparation Treated & Control
fo sk 5 | TRO Analyzer Check Preparation
Sy 1¢ | Valve Line up De-Bllasting Freated & Contrel
11 | Valve Open Te-Bellasting Treated Loyl “Freated & Contrd
rry Rl
12 |'Transfer Pump Start De-Tallasting Treated Contrel Treated & Control
F0:30 ax i
13 |Injectien of Neutralization reagent Pe-Ballasting
14 | TRO Check{each 2 minute) De-Ballasting Before After
/o bé el g / Geud fuy
S04 e, (- “
2 2 &, f?’i 7
= 348 e,/ i
2 .43 L2y #
< B &, 08 mmé%wm
ey 4.1 & "{Z: #
.37 & 03 "
>.35 &, Ol o
sl | ek |
2 e s “
LN L*L(" #oef” [
e ¢a <. e #
2,47 o ol o

48 / 93




Check List for Land-Based Test

Test water | Sea Water( > 32PSU)

Mode : De~Ballasting

Test No. -

geawater~£

DATE : >of3, £ F

Time No. ‘Work Mode Value Remark
14 |TRO Checlfeach 2 minute) Te-Ballasting Before After
- Yo LN Wmf/m‘;m
-1 t,fé =, C'{(l #
P4 e ol #
2. 3 @, 0% #
a. ¢/ E- ] &
2, i P #
E ¢ N ##
. {[ o o el #
- £.03 i
237 @ o f o
2.3¥ &0 e
. Treated Contrel
15 | Monitoring of Sampling(beginning) | DePelfasting = ;ei 3¢ e Treated & Control
L . R . ) Treated Control Freated & Control
16 | Monitoring of Sampling{middle) TeBallasting o S 20
. . 3 Treated Control
17 | Monitoring of Sampling(end) Te-Pallasting i o Vo ag Treated & Control
Treated Cemtrol
18 | Transfer Pump Stop TeBallasting ey ) Treated & Control
. Treated Control .
19 | Valve Close De-Pelasting y /’:f‘* . ool Treated & Control
Treated Control
20 iLine Drain De-Pallasting 77 s razdle Trested & Control
Reported By : KT MARINE % &b 2 A~775
Witnessed by : KIOST ol 4 A 2z,
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
RBallasting Operation Log Sheet

Check List for Land-Based Test Mode © Ballasting Test No. : Seadafor - &
Test water : Sea Water{ > 32PS1) DATE :=of3 & s
Time No. Work Mode Value Remark

eFzev 1 |Ready to Start Preparation
e§roB 2 | System Check Preparation @it:j Fenel i ::: %gigii;m ]| :,(
oF= Q_gﬂ 3 | Test water tank Check Preparation

4 | Adftives Mo in T i | Preparation | e < s éﬁé
. hves n Test water tank reparation | Glucose @ <. §
ejzef Sifical158) ¢ =

ov /b 5 | Waiting for Mixing{Test water tark} | Preparation

P }'2 zaf 6 | Valve Check Preparation Treated & Control
7 Check of O d Pr Phytoplanidon OMRET & / f,& X
& 7‘ el eck of Organism density eparation - 1 Kl i e
Fooplaniton 47 %
a?}’:; it} 8  1Organism Injection Preparation
oF ﬁ'l;! 9 |TRO Analyzer Check Preparation
2 e 10 [Valve Line up Baltasting Treated & Control
. ) ]
& },: v 11 {Ready for Electrolyzer Ballasting YES y NO i
P 12 {Valve Open Ballasting Treated & Control
PRy 13 |Transfer Pump Start Ballasting Treated & Control
s0 -pp | 14 |Electrolysis Unit Start Ballasting
15 | TRQ Checkleach 2 mimute) Ballasting | TRO value | Voltage Currest

7o 3.F | 2P3e

- a& ‘«'f‘f, [ Aé’%"

/o 6h | d.p Ny

fe. it #.o SAFe

reef | doe ) for

o, ad £.o =4 Po

refa | e | xaF0

ie. b o £ > Fo

ey Y o Sy P

;006 g a4 P

sodlb | e Al

re 3y /4 Y

sed Hoe a4 ke
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Check List for Land-Based Test

Test water : Sea Water( > 32PSU)

Mode : Ballasting

Test No. : $€awates —&
DATE : =a/¢ §, 5o

Time No. Work Mode Value Remark
15 | TRO Checitleach 2 minute) Ballasting | TRO value ! 'Voitage Cirrent
fe b @ ) fo
cory | £.7 b
sobs | Yoo ) b
rekF | Hoe Sl 3
g3 | doe | spev
se.3¥ | He | e
fodl | doe | sgev
re3d | 4o | ke
fo.ile e abbo
ce. b= 4{.-& ad b
otz | de | sdfe
codb | Fe | it
Hudt o sdfv
jo.dd | de | sbte
e di | Yoo sbfw
soema | 16 [ Monitoring of Sampling(beginming} Ballasting Treated & Control
fe e | 17 Monitoring of Sampling{middle) Ballasting Treated & Controf
Fozéf | 18 |Monitoring of Sampling{end) Ballasting Treated & Control
o 18 |GAS Sampling of Electrolyzer Ballasting
- % IGAS Sampling of Treated Tank Ballasting
irred 21 - 1 Electralysis Unit Shutdown Ballasting
7reefd | 22 ! Transfer Pomp Stop Ballasting
Href | B [Valve Close Ballasting Treated & Control
#7 =k 24 |Line Drain Ballasting Treated & Confrol

Reported By : KT MARINE WY &L % o 1

Witnessed by © KIOST

‘ffjffl‘%fézl
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
De-Ballasting Operation Log Sheel

Check List for Land-Based Test Mode : De-Ballasting Test No. : s@qiater -6
Test water : Sea Water{ > 32PSU) DATE : >w/3 ., & 27
Time No. Work Mode Value Remark
a}f séo| 1 Ready to Start Preparation
o " Control Panel | V[ Neviealizer |V
] s cew | 2 |System Check Preparation. (== v |
sexif- |3 | Treated Water Tank Check Preparation
— 4 {GAS Sampling of Treated Tank Preparation
;e 3e 5 | Treated Water Tank Sampling Preparation
Fe T 3e 6 Mixing of Treated Tank Preparation
Y ¢¢ 7 iPrepare of Neufralization reagent Preparation
roc it | B |Valwe Check Preparation Treated & Control
e g—;[ G iTRO Analyzer Check Preparation
fo: b 10 {Valve Line up De-Pallasting Treated & Contrdl
11 |Valve Open DePallagting (Irfawd Co?ml Treated & Control
e es JaiS0
12 {Transfer Pump Start De-Ballasting Tream_d ool Treated & Controt
(7o S TrO
sz on-| 13 |Injection of Neufralization reagent DePallastivg
14 | TRO Check{each 2 minute) DeBdlasting Before After
A N4 saeidfy,
=44 &0 it
s P o, o mM/mm
- Ff o ef #
g P o ol i
] e ek /
2. ¥ oo “
-, Y 2.3 o
=% o el o
> FY PN 4
= 8F o, e P
2 53 ool #
2,93 oof #
Y P "
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Check List fo

r Land-Based Test

Mode @ De-Ballasting

Test No. : Seainter —E

Test water | Sea Water( > 32PSU) DATE : aw/2% & >4
Time No. Work Mode Value Remark
14 | TRO Checkleach 2 mimite) PePallastig Before After
B - e oo dd Mm{!ﬁ,;m
35 woof” o
2§ & & 7
= gL PP £
-, G & o f o
=, Pe o .ol #”
253 o, ef #
>.Fe ool “
e P ool I
R ] e ol 7
.5/ o0 P
15 | Monitaring of Sampling(beginming) | DePealffasting f;r?a;ei /iciﬁ;); Treated & Controt
16 | Moriioring of Serpling(middle) | Dol | < wp 2 s & Cont
17 {Monitoring of Samplingfend) De-Ballasting /jre-a;ei /io:i}i Treated & Control
18 | Transter Pump Stop DePallasting ;,riaﬁ fij:ti:; Treated & Control
19 {Valve Close TeBellasting ;rea;cé K;Dttfl)’ Treated & Control
20 |Line Drain - Bellting T Conro Treated & Control
PN Fdare

Reported By © KT MARINE & &, 3 A~#35

Witnessed by @ KIOST
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41.2 Brackish Water

Ballasting Operation Log Sheet

KT MARINE BWIMS Check List for Land-Based Test(Final Approval)

Check List for Land-Based Test
Test water : Brackish Water( < 22PSU)

Mode : Ballasting

Test No. : verelsls wafe, —1

DATE : ae/3. 7}, /¢

Time No. Work Mode Value Remark
e§rov 1 {Ready to Start Preparation
) . |Confrol Panel | W | Roctifier R
5:}1 s b 2 iSystemn Check Preparation Valves | & {Electrolyzer |
0 = 2o 3 {Test water tank Check Preparation
Starch | =5 4
oz pe | 4 |Aditives Makewp in Test water tank | Preparation | Glucose - P
- SilicalTSS) + e
S e 5 {Waiting for Mixing(Test water fank) | Preparation
6’}’ = a-f‘ 6 | Valve Check Preparation Treated & Control
)
Phytoplarkton fs)
& }? 231 7 |Check of Organism density Preparation [——— KOMREL i~ /”6/—
Zoophankton é./;
+ i
o§:5% | 8 |Organism Injection Preparation
Y e 9 | TRO Analyzer Check Preparation
M 91? 10 | Valve Line up Ballasting Treated & Control
firof- | 11 |Ready for Electrolyzer Baltasting YES {v | NO
12 {Valve Open Ballasting Treated & Control
13 | Transfer Pump Start Ballasting Treated & Control
14 |Blectrolysis Unit Start Ballasting
15 |'TRO Checkleach 2 minuie) Ballasting | TRO value | Voltage Current

7. doi | zebv

¥.14 P > ’ﬂ'}v

Fol | i | Bifv

7.4 & 3 3 /40

so.ef | 43 5rfe

e 43 3/fe

Py &3 3rfe

seef A 3 e

s sd A 3450

Foga- | #3 w4

se. oo 78} 3/fv

G i #.2 36w

se it 740 3/¢e
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Check List for Land-Based Test Mode : Ballasting Test No, kmﬁgﬁwqﬁy. —f

Test water © Brackish Water( < 22PSU) DATE © sw/2 . 2, #
Time No. Work Mode Value Remark
15 I TRO Check{each 2 minute) Rallasting | TRO valuet Voltage Current
B o3| Hr | 3k
so enl 43 2w
Pooh | 3 3 fv
7.9 | #3 | sk
Fibb | Y3 | b
7.8/ 43 | wkh
7eF | 4.4 | ik
A N N N 3/ k0
v.q8 | %4 | 3k
Jop | dd | 3k
gpe | 4 | 3k
968 | 44 | wb
7.3 44 F v
Q.8 | 4 300
Feas | 16 [Monitoring of Sampling(heginning) Ballasting Treated & Controt
&Py Y Monitoring of Sampling{middle) Rallasting Treated & Control
Ve -1 18 |Monitoring of Sampling{end) Ballasting Treated & Control
- 19 |GAS Sampling of Electrolyzer Ballasting
- 20 [GAS Sampling of Treated Tank Baliasting
sz e/} | 21 (Electrolysis Unit Shutdown Ballasting
/A= el] 22 | Transfer Pump Stop Ballasting
/3= el 23 |Valve Close Ballasting | Treated & Control
/s fer| 24 |Line Drain Ballasting Treated & Control
1 Reported By : KT MARINE ~ % &1L % /,f%fg/}é_
E Witnessed by © KIOST aﬁm 2. @{L—'j@
X o rov Pesifpal  cbloriin cheokl » 0-¢ W (i (Thrte titas)
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KT MARINE BWMS Check List for Land-Based Test(Finat Approval)
De~Rallasting Operation Log Sheet

Check List for Land-Based Test Mode : De—Ballasting

Test No. : %?m@v,ﬁggg{zr o

Test water : Brackish Water( < 22PSU) DATE :»0(%, 4. j{

Time No. Work Mode Value Remark
AW/ 1 |Ready to Start Preparation
o |Svsterm Check . | control Panet | ¥ |Newtalizer | V
/2> ystem eparation [ 7
y xxk | 3 |Treated Water Tank Check Preparation
- 4 1GAS Sampling of Treated Tank Preparation
7 3{? 5  Treated Water Tank Sampling Preparation
V8% 6 (Miang of Treated Tank Preparation
Py 7 | Prepare of Neuiyalization reagent Preparation
/xsLe 8 | Valve Check Preparation Treated & Control
Fon s D 9 'TRO Analyzer Check Preparation
Ja :;€F 10 | Valve Line up De-Blasting Treated & Control
11 | Valve Ope Te-Bellasting e Contrdl Treated & Contrdl
ve Open - e nitrcl
/2= /2 f
12 | Transfer Pump Start De-Beflsst Treated Cotd Treated & Control
ra by L L Teat
T AL - 13:4%
Jaz3fb] 13 |Injection of Neutralization reagent | DeBallasting
14 | TRO Check(each 2 mirnte) De-Ballasting Before After
&3 o, o= /d&g;“ﬁ/#;;,
. Bp & e & s
o 3¥ & 0% stk ﬁ,,,:;,
e ¥ é ool &
0. €€ @ of o
& *}( é &, 67% &
PN &, o3 #
e tdf o.0% p
2 db e Fetil fnin
o, &4 oo/ w
o ol w0l r
e 4f &oeo 7
e. 3 EXE. ’”
LN £ 0 D ¥
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Check List for Land-Based Test Mode : De-Ballasting Test No. i\mw&?yém{w =/

Test water : Brackish Water{ < 22P3U) DATE : >e/a. ) 74
Time No. Work Mode Value Remark
14 |'TRO Checkleach 2 minute} De-Bellasting Before After

@, 45 o, o &M/Mw

e $3 e e/ #

€, 4[./7 B, O #

o i L Eoil, ﬁw»ﬁk«

o il f &. o f /"

& 44 o &f %

74 &0 i

e 4fif o83 o

el o, o re

o, ¢ G o

o e oo ”

I Lo - Fithp SHtof.
15 |Monitoring of Sampling(beginning) | De-Rallesting gf/ztz} f;;ﬂg? Treated & Control
16 |Monitoring of Samplng{middle) DePallasting ;imjii /C;nzr;; Treated & Control
17 [Monitoring of Sampling(end) De-Pellasting /’I;e:t;; f&o:tri? Treated & Control
18 | Transfer Pump Stop TeBllasting !:Eefti} fzjrfi}_ Treated & Control
19 |Valve Close DB | ey eaf | Tl & Conil
20 |Line Drain Te-Pellasting f;"at;i /2"”‘2; Treated & Control

Reported By : KT MARINE  \ b 2. A 2775
Witnessed by : KIOST %(/f %;FL /6{ ,Li\,\
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operation Log Sheet

Check List for Land-Based Test
Test water : Brackish Water( < 22PSU)

Mode : Ballasting

Test No. : brwkishwader —>.
DATE | 2e/2. 7}, if

Time No. Work Mode Valuc Remark
ot 2 65 1 |Ready to Start Preparation
P po 2 1System Check Preparation %?‘gi Fanel i :j lgﬁﬁ;m § ::
05" s 3 |Test water tank Check Preparation
N _ ] . {Starch 35‘2’?
i ap 4 | Addittves Make—vp in Test water tank | Preparation g}ﬁgao(s%gg) @ ;-
7 :..353 5 | Waiting for Mixing{Test water tank) | Preparation
ag r%ﬁ" 6 | Valve Check Preparation Treated & Control
=
7 = Lo 7 |Check of Organism density Preparation :Ty;":;%wi KOMREL :é%gf/
S L ev 8 |Organism Injection Preparation
firef 9 |'TRO Analyzer Check Preparation
oot 10 | Valve Line up Ballasting Treated & Contral
7a :7‘) 11 |Ready for Flectrolyzer Ballasting YES i v NO
imsp | 12 | Valve Open Ballasting Treated & Control
S T 13 | Transfer Pump Start Ballasting Treated & Control
> xfF 14 |Electrolysis Unit Start Ballasting
15 | TRO Check(each 2 minute} Baliasting | TRO value | Voltage Current
b $b > | b
F e > Fxdo
el | 4y | sk
dof | dha 3)ep
ik 4.3 230w
FHL | 43 33ev
g6 | d¥ | e
Ay 4.4 34ev
Jife | 4 | Fpev
o | Ay | P
foal | 4d | pev
AP | dd | e
Y 4y #%ov
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Check List for Land-Based Test Mode : Ballasting Test No. : btacbalpfor —>
Test water : Brackish Water( < 22PSU) DATE : 3¢/2 . 2, /4
Time No. Werk Mode Value Remark
15 I'TRO Check{each 2 minute) Ballasting | TRO value | Voltage Current
i s60 | 44 | 3peo
e.dp | L 23ew
§.5é 4.d 3300
g8 gl 2how
P.b> | df | 3yew
Fbs | dH | 3ev
.33 | A4 | 3pe
goob | Htl | I3ev
Gyo | 4 | pew
Ay | 4l | er
F4P | Al | 3o
>3 44 3%ev
g.66 | & | 3y
9.0b | 44 | 33
fande 16 | Monitoring of Sampling(beginning) Ballasting Treated & Control
s =:¥/] 17 |Monitoring of Sampling{middie) Ballasting Treated & Control
1 :ol,l 18 | Monitoring of Sampling{end) Ballasting Treated & Control
- 19 |GAS Sampling of Electrolyzer Ballasting
— 20 |GAS Sampling of Treated Tank Baliasting
/3= ff_ 21 |Electrolysis Unit Shutdown Ballasting
>y p 22 | Transfer Pump Stop Ballasting
/316 23 | Valve Close Ballasting Treated & Control
[z o0 24 1Line Drain Ballasting Treated & Control

Reported By © KT MARINE

o

I

Witnessed by © KIGST

o

.,E’r

4 7 Wﬁi
A e

X e zow Resmfuad clfosut cheefe s o9 mzfi.  (thtree s )
s e /ﬁ’?/g_, Crhren ‘é’(ﬁzes)

&J}:&F

¥
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KT MARINE BWMS Check List for Land-Based Test{Final Approval)

De-Ballasting Operation Log Sheet

Check List for Land-Based Test Mode : De~Ballasting Test No. bm)&g&m«ﬁyﬂ e
Test water : Brackish Water( < 2ZPSU) DATE =>¢/3 . 4 .33
Time No. Work Mode Value Remark
i fo 1 |Ready to Start Preparation
farnow 2 | System Check Preparation Contrat Fenl Neutralizer | ¥
Valves
foazsei 3 [Treated Water Tank Check Preparation
- 4 IGAS Samnpling of Treated Tank Preparation
fa e 5  Treated Water Tank Sampling Preparation
fonw Bf 6 Mixing of Treated Tank Preparation
/> =38 7 {Prepare of Neutralization reagent Preparaticn
Fxesl |8 (Valve Cheek Preparation Treated & Control
fx 3 g |TRO Analyzer Check Preparation
f_);:tfg 10 | Valve Line up De-Bellasting Treated & Contrd
11 |Vaive Open DBt | o ’,th;z Treated & Cord
12 |Transfer Pump Start De-Ballasting /’;‘rcj;e;i_ f(ij,ztt;? Treated & Conird:
/3 ’:gé‘ 13 |Irjection of Neutralization reagent De-Ballasting
14 |'TRO Check{each 2 minute) TeRallastirg Before After
o F & 85 Fe ik iy
o i/ e o
e dé o oif bondfory
0. dé oot P
s ¥ &, oo Loufd /m’v‘k
Ny o, 05 i
o d¥ 2. 03 ”
e LR @.ef #
e, fo o, 08 Y
XY oo 49#/;,4;11
gp | oef | s
o4t e.ef &
LR @03 e
o iy e 0% "
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Check List for Land-Based Test Mode : De-Ballasting Test No, : kbt >

Test water : Brackish Water( < 22PSU) DATE : >#/3. 7). >4
Time No. Work Mode Value Remark

14 'TRO Checkleach 2 minute) De-Tllasting Before After

o it &, o elotd fnsr

2 YP LIS Fe

&, édf & m;"[ "

INAs . EN A #

oy ¢.c0 &

&, {[ﬁ f . B "

.y o e 30@,{%@

YY) P14 +

i ld ook ”

e Hf soof 4

o Y F o, /0 i

&, 4h &P b
15 | Monitoring of Sampling(beginning) | De-Tellating J,I;m‘t;i mcg"f;'/ Treated & Control
16 {Monitoring of Sampling(middie) DePallasting /’E‘;::t;(;_ ; ﬁn 2{2 Treated & Control
17 [ Monitoring of Sampling(end) To-Rllsting /?ftfé y ;’0 ”ZG/I Treated & Control
18 | Transfer Pump Stop De-Pellasting i /gm?t;?? /;0??; Treated & Control
19 |Valve Close T Bhilesting fgi@v [;"f{;f; Treated & Control
2 |Line Drain T-Bellsting /E?at;d; fom ] Trested & Contd

Reported By : KT MARINE Ny | B A-#7/1
Witnessed bﬁf ¢ KIOST
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KT MARINE BWMS Check List for Land-Based Test{Final Approval)
Ballasting Operation Log Sheet

Check List for Land-Based Test

Test water : Brackish Water( < 22PSU)

Mode - Ballasting

Test No. : drgfglivtes —2
DATE : /3, 7. 2L

Time No. Work Mode Value Remark
afcse] 1 |Readyto Start Preparation
. [Contrel Panel | ¥ |Rectifier |V
& %j: i 2 System Check Preparation Valves ! Vv kEiactmiyzer \ [
ef:io 3 | Test waber fank Check Preparation
Starch : ~§
sl 4 1 Additives Mileervp in Test waler tank Preparation |Glucose &
_ SilicatTES) : T
fosif 5 | Waiting for Mixing{Test water tank) | Preparation
ofs¢fe | 6 |Valve Check Preparation Treated & Control
Phytoplaridon 2_;5 %
,:75’ - fﬁ 7 |Check of Orpanism density Preparation ;wal " KOMRE 43;;/‘
BHANEOT. 7
7%
Pro 8§ |Organism Injection Preparation
Jref | 9 |TRO Analyzer Check Preparation
G ie 10 Valve Line wp Ballasting Treated & Control
i3 11 |Ready for Electrolyzer Ballasting YES v NO
i ad 12 | Valve Open Ballasting “Freated & Contrcl
e ;\;— 13 | Transfer Pump Start Ballasting Treated & Control
7 ek 14 | Electrolysis Unit Start Baliasting
15 | TRO Checkleach 2 minute) Ballasting | TRC value | Voltage Current
’jjf & 37 4{ b F w
7 bo #.5 | 23ev
SPE L Kd | 3o
T o 23200
lo. 58 | i | 3sev
re.xf | ol Sabo
sO. bo & 4o-fv
e ts o, l,i 7 )fb
7K 3 o [z Faze
2L, 4[.? 4§ ,[/{ 3aa0
ol | gd | 3w
re 5 gl 3 300
‘o€ | Hl 3 >vv
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Check List for Land—Based Test
Test water @ Brackish Water( < 22PSL)

Mode : Ballasting

Test No.

o bimickuhunter %

DATE : >6/3. 7. 3£~

Time No. Work Mode Value Remark
15 'TRO Check{each 2 mimute} Ballasting | TRO valve | Voltage Current
so i§ | Hl 37 fv
oy Loy 3idw
socof | 4y 3fbo
4o, 64 i 340
ref | ol >tk
o>3 | HH | arke
roaf of.u B/ o
7,96 | dU 304w
roky) | 4i | i
rodo | g4 | ke
i3k 4 3eT
e3¢ s B reD
so | Blew
cofl | {4 | 3fov
i %/} 16 | Monitoring of Sampling(beginning) Ballasting Treated & Control
7z 6| 1T |Monitoring of Sampling (middle} Ballasting Treated & Coniral
VARY/] 18 |Monitoring of Sampling{end) Ballasting Treated & Control
fazgd | 19 |GAS Sampling of Electrolyzer Ballasting
Aasaf L W |GAS Sampling of Treated Tank Ballasting
saeaf i 21 |Blectrolysis Unit Shutdown Ballasting
facaf 22 | Transfer Pump Stop Ballasting
Iy .5,/ 23 | Valve Close Ballasting Treated & Control
/sz3i-| 24 |Line Drain Ballasting Treated & Control

Reported By : KT MARINE Y d, % ;ﬁﬁfﬁ
I
Witnessed by © KIOST |2 =l /%ﬁ/ .

X of 2 14 Residual cllpint chesf = 2 000G f1 {Thiee cmes )
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
De-Ballasting Operation Log Sheet

Check List for Land-Based Test Mode : De-Ballasting Test No. ! ﬁl‘ﬂé@%& Lo —3
Test water © Brackish Water({ < 22P3U) DATE : »ofd. 7 Ao
Time Ne. Work Mode Value Remark
P ﬁf- 1 (Hewly to Start Preparation
/ARy 2 {Systemn Check Preparation S;ii:i P : Newwaizer | V/
//’:;_7 3 |Treated Water Tank Check Preparation
s /? 4 {GAS Sampling of Treated Tank Preparation
ey Es 5 | Treated Water Tank Sampling Preparation
R f" 6 |Mixing of Treated Tank Preparation
Lo = ro 7 |Prepare of Neutralization reagent Preparation
2ol 8 | Valve Check Preparation Treated & Control
A zde 9 |'TRO Analyzer Check Preparation
faz g 10 | Valve Lire up De-Bllasting Treated & Control
11 |Valve Open Do Bellacting [ Sonired Treated & Control
=3t r3z ko
12 | Transfer Pump Start De-Dallasting Treated_ Control Treated & Control
fa =z 38 /PS8
Ao ,;f- 13 iImjection of Neutralizafion reagent TeBdlasiing
14 | TRO Check{each 2 mirute) De-Ballasting Before Afver
o =8 sk Lo teel A,,m
& 375 & el S
o Y o of Lol
o il o el #
PR ool “
e, &) o, e #
o ¥ &, o "
o o F o w t:[ o
e Y f 203 G
o bo &, p P
e iy N4 3ol /i
e (¥ o o #
e b & 03 /’/’
e ip soof #
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Check List for Land-Based Test

Test water © Brackish Water{ < 22PS5U)

Mode - De~Ballasting

Test No. :

brackadpetor =3

DATE : »e/3. 0. 20

Time No. Work Mode Value Remark
14 | TRO Check{each 2 mirnute) Pe-Bellasting Before After

e g9 @ 03 s ik flyiy

o, g =3 mf,f &

o, o &, o4 ”

o 49 & & B s

o db N &

o, 4P @, el #

et e.of P2

N o olf s

o UG e ol 2r

e 4§ a0k a

o P ool P

o, {d o, ¢3 i

o o - pusef  Gbep
15 | Monitoring of Sampling(beginning) | De-Bllsting Ige'ﬁfé ji"f’t;i Treated & Control
16 [ Monttoring of Sampling(middie) De-Prilasting f;ﬁi ;ZOT;U;;} Treated & Control
17 | Monitoring of Sarpling{end) EeBdlagting };ﬁi gf; ) 5{0 r:]t;}; Treated & Contrel
18 | Transfer Pomp Stop Te-Beliasting ;;e:t;i /2?: t;;lm “Treated & Control
19 {Valve Close Te-Bdllasting f;eeiti;, / A{an‘%_m Treated & Control
. |Line Drain I Plstivg fg‘?‘;ez_ g Thated & Cortd

Reported By : KT MARINE

VY kb ATFTESL

Witnessed by © KIOST

N /A
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Rallasting Operation Log Sheet

Check List for Land—Based Test Mode © Ballasting Test No. : éhz,&f.’:}gf;@aﬁw—k—{l
Test water : Brackish Water( < 22PSU) DATE : >o/2 . £ .4
Time No. ‘Wark Mode Value Remark

e‘)&? /e 1 |Ready to Start Preparation

;145?:7 &1 2 |System Check Preparation Sz}izl Fe lt\:l{ gglscectgizw i\ ":ﬂ"/

5)5} =i 3 |Test water tank Check Preparation )

‘ " |Starch : AEEZ
iz e 4 | Additives Mekeup in Test water tanks | Preparation |Glucose:  ##7
Siliea(TSS) @ =~

/R =" 5 |Waiting for Mixing(Test water tank} | Preparation

s ot § |Valve Check Preparation Treated & Control
] ) _ | Phytoptaskion b g o
fe i 7 {Check of Organism density Preparation P KOMREI Mg I
s /f‘ §  1Crganism Injection Preparation
sse bf |9 |TRO Analyzer Check Preparation
Fasgd 1 {Valve Line up Ballasting Treated & Controt
3 »ﬁ 11 {Ready for Electrolyzer Ballasting YES v NO
ZEyii 12 {Valve Open Ballasting Treated & Control
FEE 13 | Trangfer Puamp Start Ballasting Treated & Control
2Ry, 7 14 |Electrotysis Unit Start Ballasting
15 |TRO Checkleach 2 minute) Ballasting § TRO value | Voltage Current

B s 43 | 3t

2 9 | 4.3 240

w3y | K F>fe

9. 90 | 4.3 | 340
o ih | 4.3 3adv

recqd | 43 #2fo

rejo §.g P

1o by | H4.3 §re0

oy | 4.3 | ko

re 8§ 4.3 | 3o

so b | 4.3 3/ e

seoax | 43 2/

o4 | H.3 | 3fev

66 / 93




Check List for Land-Based Test Mode * Ballasting Test No. : brucksheter —{f

Test water : Brackish Water( < 22PSU) DATE : i3, o,
Time No. Wark Mode Value Remark
15 |'TRO Checkieach 2 minute) Ballasting | TRO value | Voltage Current

o bd | H#3 3 /00

P 7 /60

redd I35 ) glee

fe.a5 | 43 P

el | ds 2w

fe.3b §d.3 Zrev

e 3h | da 300

fe.3f &3 HE0

e B i, A/ e

o4 | Hg 3pov

ezt g3 B le

iedft | 4.3 3P

fo il | 4.3 2 oe

F%x30 | 16 |Monitoring of Sarnpling{beginning) Ballasting : Treated & Control
/3 :4[/7 17 iMonitoring of Sampling{middle) Ballasting Treated & Control
/"( :pa 18 Monitoring of Samplinglend) Ballasting Treated & Control
— 19 IGAS Sampling of Electrolyzer Ballasting
- . 20 {GAS Sampling of Treated Tank Dallasting
s fE | 2 |Flectrolysis Unit Shusdown Baltasting
4 : [5«- 22 - | Transfer Pump Stop Ballasting
/‘4{ B fﬁf 23 {Vaive Close Ballasting Treated & Conirol
/e = sei 24 jLine Drain Ballasting Treated & Control

t
Reported By @ KT MARINE V¥ & % ﬁ/ﬁ@%—

Winessed by  KIOST 5[ 279, &/g \|
- K

X ol >0 /?e-:;:“d‘k,af Cliferie M&qﬁ L & m"f;f/i— (e ﬁwﬁ)
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KT MARINE BWMS Check List for Land-Based Test{Final Approval)
De-Baliasting Operation Log Sheet

Check List for Land-Based Test Mode : De-Ballasting Test No. : ppackshuse, —4
Test water : Brackish Water( < 22PS13} DATE : »>efd f. /2

Time No. Work Mode Value Remark

2% fu 1 {Ready to Start Preparation

fa= ff’ 2 1Systern Check Preparation 3:;:! Panel ‘::/ %Nﬂmﬂmg{ hd

/3 ev 3 | Treated Water Tank Check Preparaticn

- 4 | GAS Sampling of Treated Tank Preparation
FEEES) 5 {Treated Water Tank Sampling Preparation
F3e2d 6 {Mixing of Treated Tank Preparation

f3sab| 7 |Prepare of Neutralization reagent Preparation

25} 8 | Valve Check Preparation Treated & Contral
Fazkb| 9 TRO Analyzer Check Preparation
73 ¢ 10 | Valve Line up : De-Bllasting Treated & Control
11 1 Valve Open Te-Pdlasting ”rea}ed Coritml Treated & Contret
i FE /0
12 i Transfer Pump Start TeRalasting E;C{am zo?tml reated & Contra)
s Sy
13 |Injection of Neufralization reagent De-Ballagting
14 | TRO Checkieach 2 minute) Te-Bllasting Before After
6 /¥ o of 2o [y
L] =8 0§Z #
. oot #
- >3 ool 4
£ Sk =3 t’*f"‘ 74
e &, :;_!é‘ Ved
&. )—Zj o] s
@, .h_f' . £ Gl o
&, —\-«é &y O #H
&, !‘ &, m‘,[ “
For LN Vi
& an . 6F o
£, >3 &, &n #
o, of EN3Y #
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Check List for Land-Based Tést Mode : De~Ballasting Test No. r.é;—;adﬁr«#ywrfar -—4‘."
Test water | Brackish Water( < 22PST)) DATE : /2. &, /3
Time No. Work Mode Value Remark
14 TRO Check{each £ minute) De-Bellasting Before After
P 7 R
@, >3 o edf #”
) a. vl 7
& Sl PN 4 #”
£y .03 p
9,50 g f &
o, #oof #”
£ B &, 0 e i
5. 2f~ o603 #
L. 25 6 e 4
&, s D e 7
>, - | pusep shep
15 Monitoring of Sampling(beginning) | De-Pallasting /zref?;?‘;; !?““L “Treated & Conprol
16 |Moritoring of Sampling(middle} Te-Ballasting /iiai f;{)tﬁ; 7 Treated & Control
17 | Monitoring of Sampling{end) PeDallasting Treated .Comml Treated, & Control
L T a1
18 [ Transter Pump Stop TeRdlasting /2%;32{ /g’fz{j]) Treated & Control
19 |Valve Close T-Pallsting xéﬁ@ /z"“i"j; Treated & Control
20 {Line Drain DePdlasting /I;?itzi f(éoz:at;oi . Treated & Control

Reported By @ KT MARINE

LR A

U2 Lap

“Witnessed by © KIOST
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KT MARINE BWMS Check List for Land-Based Tést(Final Approval)
Ballasting Operation Log Sheet

Check List for Land-Based Test Mode © Ballasting Test No. :%mﬁ{ﬁ(ﬁhwﬁ""ﬁr —~t
Test water * Brackish Water( < 22PSU) DATE : =>%/2 & &
Time No. Work Mode Value Remark
edzro 1 |Ready to Start Preparation
P . " 1Control Penet | % | Rectifier v
oF: 56 2 |System Check Preparation {50 [V TEectrolyzer_|

of s af | 3 |Test water fank Check Preparation

. Starch : 5 €7
o9 1 4 | Additives Maheup in Test weter tank | Preparation | Glucose : ¢ [’-’«?;
Silica(TS3) ¢

I3 }’ v §f" 5 |'Waiting for Mixing{Test water tank) | Preparation

of = LL" 6 | Valve Check Preparation Treated & Control
0§z gér 7 [Check of Organism density Preparation Eh ymankmi KOMREL q% % (:"j
Tooplankton %«zggg/j
fos oo & [ Organism Injection Preparation
FZre 9 TRO Analyzer Check Preparation
fezaf | 10 [Valve Line up Ballasting Treated & Conirol
sozpé| 11 |Ready for Electrolyzer Ballasting YES v NO
Foxdle | 12 (Valve Open Ballasting Treated & Control
i o 13 | Transfer Pump Start Ballasting Treated & Control
sorife 14 |Electrolysis Unit Start Babasting
15 | TRO Checkleach 2 minute) Ballasting | TRO value | Voltage Current

609 | 4.3 | ke

dob | 4 F Fobv

§.9F | 4of | Z3ee

Yy | ££ Z3ev

i 23ev

ce3) | Hb | 33w

fe b | L 23vv

Fo b} | dfT ] 3oww

ekl HE | Zov

so. b H & A>en>

/5“5-; lf.f"' ot

sy | HE 34t

IENTER N 37fo
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Check List for Land-Based Test Mode : Ballasting Test No. : breckigucader =5

Test water : Brackish Water{ < 22PSU) DATE : »>=/2, £ 7
Time No. Work Mode Value Remark
15 | TRO Checkieach 2 minute) Ballasting | TRO value | Voltage Current

TN o ztfo

so b3 L4 3idv

VA1 i & 2w

sofda | db 350

ledd | #E 3rfv

PNy Y& 3k

v & N 3 b

Fo o3 ¢ £ Zite

7.4 8 5 aedv

¥ 8 N 21f0

rosdh | 4 e

) Y é 3k

Z “dob Bitbe

rosd | 4b 37fv

fo.ild | 4é 3fe

Ve f-_‘:._ 16 | Monitoring of Sampling(beginning} Ballasting Treated & Control
s¢ zre | 17T |Monitoring of Sampling (middle) Ballasting Treated & Contral
7F =26 | 18 |Monitoring of Samplinglend) Ballasting Treated & Control
- 19 {GAS Sampling of Electrolyzer Ballasting
— 20 |GAS Sampling of Treated Tark Ballasting
s7zad | 21 |Electrolysis Unit Shutdown Ballasting
iap 22 | Transfer Pump Stop Ballasting _
f/zad ¢ 2 [Valve Close Ballasting Treated & Control
gy 24 |Line Dran _ Ballasting Treated & Control

Reported By : KT MARINE - v ff, % st
Witnessed by : KIOST 2 ) @«\b_,

w;:(= y,ﬁ;j-f) f{’eéfa/ﬁaﬁ chidve clesk = & 0@ mj/g, C“réme; —6?.?:{.94)
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KT MARINE BWMS Check List for Land-Based Tesi(Final Approval)
De-Ballasting Operation Log Sheet

Check List for Land-Based Test Mode - De—Ballasting Test No. Ema!@s’f,wmée,, »f‘
Test water : Brackish Water( < 22PSU) DATE : #s/&. §. 3o
Time No. Waork Meode Value Remark
Ao/ | 1 [Ready to Start Preparation
Coni Neutrali
re =6 2 |System Check . Preparation Val: Fond :: wrdizer |V
serse | 3 |Treated Water Tank Check Preparation
- 4 |GAS Sampling of Treated Tank Preparation
se-fo 5 | Treated Water Tank Sampling Preparation
socfe | 6 |Mixng of Treated Tank Preparation
e bo 7 | Prepare of Neutralization reagent Preparation
'y ;—f’ 8 [|Valve Check Preparation Treated & Control
izev 9 1TRO Anaiyzer. Check Preparation
fFeef | 10 [Valve Line up De-Bellasting Treated & Control
il | Valve Open D Beliastig :ffazd /i’“‘fi, Treated & Control
12 |Transfer Pump Start Te-Peliasting Ireated Contrel “Freated & Control
/:rb /i
et 13 lnjection of Neutralization reagent DeBallasting
14 [TRO Checkleach 2 minute) De-Pallasting Before After
o i o i 3 0 bl Yy
e th &. /07 “
NG, #.e3 o il e
o, s &85 &
&. /b el ”
e/ o, 03 :;pni%,;m
0./ ool v
P ot f pe—
o, w, o bl #”
& ik o, el o
e e #
e fb o. et i
e il 8. 0% '
e./9 o ob "
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Check List for Land-Based Test

Test water ! Brackish Water( < 22PSU)

Mode : De-Ballasting Test No. hgmm I
DATE : se/3 4 e

Time No. Work Mode Value Remark

14 | TRO Checkieach 2 minute) TrBallasting Before After

o id o.of mme/ggrm

o iE Sopb 7

@ i &, olf #

&. e.eif 2

T4 e oy &

e g.ob "

o if ool o

e eeil #

o.ff o0 6d #

o ré ¢ X 2
15 | Monitaring of Sampling(heginming) | De-Beling s sa- S| Treote & Contrl
16 [Monitoring of Sampling{middie) De-Bellasting f;rea;; /Cjn:u;z P Treated & Control
17 | Monitoring of Samplinglend) De-Bullasirg /Irfag ffff’;,;a Treated & Control
18 | Transfer Pump Stop Do Biltig [ g fg(’f”j;, Trezted & Coniel
19 |Valve Close De-Prllasting /?}::eitid& /goﬁtfép Treated & Control
2 |Line Drain Defllasting /‘Tff‘f,& /C;’Tf;, Treated & Control

Reported By : KT MARINE ¥ ki, % mﬁ.,

Witnessed by @ KIOST

d w3 2
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operalion Log Sheet ’

Check List for Land-Based Test Mode : Ballasting Test No. :b%&%&km—*és
Test water : Brackish Water( < 22PSU) DATE : »#{%. & >F
Time No. Work Mode Value Remark

@ 5? TP 1 iReady to Start Preparation

ey g | 2 | System Check Preparation ;i;i(f Punel il v gf;:ﬁ;;ﬂ ; :'ﬁ

& )?-z- p 3 | Test water tank Check Preparation

i Starch ey =1
FLiew 4 | Additives Mikep in Test water tank Preparation {Glucose | £ &7
Silica(TSS) © =

S 5 OT 5 | Waiting for Mixing{Test water tank} Preparation

Fen (F & | Valve Check Preparation ‘Treated & Control

. Phytoplankion dk?’g g)i
it oe 7 {Check of Organism density Preparation - KOMREL @
Zooplankton % i

o= if & [Organism Injection Preparatici

la t,i'.:, g  TRO Anatyzer Check Preparation

fonle | 10 Valve Line up Ballasting Treated & Control
/esdy | 11 |Ready for Bectrolyzer Ballasting | YES |V | NG

o ‘é‘, i | Valve Open Hallasting ‘Treated & Centrol
fas to 13 | Transfer Pump Start ) Ballasting Treated & Control
Ay ko 14 {Elecrrolysis Unit Start Baliasting

15 {TRO Checlesch 2 minute) Ballasting | TRO valie | Voltage Current

o k§ | A4 | dade

7.37 | 43 | 3abe

JE amDe ‘ilé[ 33~£‘0

o0 | daf | gt

e .3 2rte

Pt g4 v

codf | 4 | 3ew

s s | HHL Bloe

fe #if 3o

/6. /3 i b 2w

ol | dd 3/ee

so.oe | HH Féee

g 90 | Y | /v
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Check List for Land-Based Test

Test water © Brackish Water( < 22PSU)

Mode : Ballasting

Tost No. : brackrshusfer —6

DATE : 3e/3 &£ >F

Time No. Work Mode Value Remark

15 TRO Check{each 2 minute) Ballasting | TRO value | Voltage Cusrent
fe o Y Zteo

o b | G | Bjew

e | H¥ Bhew

F.94 | dd | 3/ee

recof | dd | ziew

¥.¥e 4 Zjev

7,96 Y & 3o

reoff s 3¢5

/o) | 44 3tév

£y 4. & 2rfv

e P | 4E 35w

re.33 | 4.% zife

o> | 4€ tfe

se o gt zefo

redd | 4¢3

/3 cea-; 16 |Monitoring of Sampling{beginning) Ballasting Treated & Contro
/3 =2w| 17 {Monitoring of Sampling (middle} Ballasting Treated & Control
£33 3 18 | Monitoring of Sampling(end) Ballasting Treated & Control
o 19 | GAS Sampling of Electrolyzer Ballasting
— 0 GAS Sampling of Treated Tank Ballasting
F3x .;[4 21 iFlectrotysis Unit Shutdown Ballasting
Iz ¢/} 22 | Transfer Pump Stop Ballasting
/37 ¢y | B {Valve Close Bailasting Treated & Control
/3 ’(f- 24 | Line Drain Baliasting Treated & Control

Renorted By © KT MARINE \V4

i, T ArEA

| Witnessed by & KIOST
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K efr>e f?é‘?:?fm? Adoiite cheoll = o c‘zﬁwf/,;_ CThiee «exm;)
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
De-Ballasting Operation Log Sheet

Check List for Land-Based Test Mode : De-Ballasting ‘Test No. : hhackshuecter -6
Test water : Brackish Water( < 22P5U} DATE ' »0/3, 9, 3

Time No. Work Mode Value Remark

Ry 1 |Ready to Start Preparation

sosse| 2 |System Check Preparation [ ;‘; Nesrler Y/

/a=ak 3 |Treated Water Tank Check Preparation

- 4 |(GAS Samphing of Treated Tank Preparation
Jatbpl B Treated Water Tank Sampling Preparation
facfwp| 6 [Mixing of Treated Tank Preparation

fan it 7 iPrepare of Neutralization reagent Preparation

[0 8 | Valve Check Preparation Treated & Control
/3 2481 9 |TRO Analyzer Check Preparation .
/30| 10 |Valve Line up Te-Bellasting “Treated & Contral
11 |Valve Open De-Pallasting fﬁ;rﬁ{g y ,?z ng‘; Treated & Contrel
12 |'Transfer Pamp Start Te-Fallasting :I\mamj Continl Treated & Control
/323 i EETA
13 |Imjection of Neuiralization reagent De-Hllesting
14 | TRO Checkleach 2 minute} De-Ballasting Before After
o sl o 00 /}amﬁ/mm
.3t & ef £ “ﬁg/m
. 3l &, oo 7
e 4y &. 00 ’t
o, 24 o, oo P
e 3b . ef ’
e, o &0 pff . e
o35 &, e 4
o in PR -Y) i
N4 o.0f ’y
o o & 04 o
o, e . ef rr
e/ e 03 #
e 5k & 0% #
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Check List for Land-Based Test
Test water | Brackish Water{ < 22PSU)

Mode : De—Balasting

Test No. @ bleckmfibtfo —L
DATE : /2 . 3

Time No. Work Mode Value Remark
14 |TRO Checkieach 2 minute) De-Bullasting Before After
&, 34 o, of e bl fry
@, af &, 6 #
=, 30 . &F #
oo 2 oo #
o 35 .08 Vi
o 4 B O #
e 25 X3y #“
. 34} e /f #
o 34 & e V4
e 34 oot #”
&3 §> EREY4 s
o 26 & 6f s
R TES - pusp Shep
15 {Monitoring of Samplingtbeginning} | De-Ballasting /1;??? E,C;;T;F;;; Treated & Control
16 |Monitoring of Samplngtmidde) | De-Beestng 5 o I Treated & Contrl
P4 re =6
17 | Moritoring of Samplinglend) I Fllasting /if‘”fi /?”‘;i Treted & Contio)
18 Transfer Pump Stop DeBllasting iI{;eaEﬁzf? f-;(_)?l;d 7 Treated & Control
19 | Vave Close De-Bellasting J,f,f“z% ,;f’“i:}, Treated & Contro)
20 1Line Drain DePellasting f:;fﬁ_i;, f;i(}?t;i “Treated & Control
1 Reported By : KT MARINE ‘*&33}’ it ”’%_ ,{//;fyﬁ_,
E Witnessec! by © KIOST ol & = /‘%M
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4.1.3 Low Salinity Water

KT MARINE BWMS Check List for Land-Based Test(Final Approval)
Ballasting Operation Log Sheet

Check List for Land-Based Test Meode © Ballasting Test No. @ /e ;-f‘vﬁf%*zgi”:-r{}
Test water © Low Salinity Water DATE @ -»efd ¥ /2
Time No. Work Mode Value ; Remark
gﬁ;}“: g i Ready to Start Preparation
o e 2 iSystemn Check Preparation }_] Pane! i k I Eiﬂ;‘\m
Erryr 3 1Fest water tank Check Preparation

Jer s e 4 Additives Makeup In Test water tank Preparation |G v
‘ Silical TSS) & =

A Be 5 Waiting for Mixingt Test waler tank) | Preparation
£O e & Valve Check Preparation Trested & Control
. ‘ ) ] .| Phviopiankion o S

efe e 7 1Check of Organism density Preparation PR, KOMREL ZV{%A%/E
Ao ek &  1Organism Injection Preparation
Y-y 9 THO Analyzer Check Preparation
v e f 10 1Valve Line up Ballasting Treated & Control
i e | 11 |Ready for Electrolyzer Ratlasting YES i NO
prEa 12 [Valve Gpen Ballasting Treated & Controt
£ w x| 13 Transfer Pump Start Ballasting Treated & Control
£rox A |14 | Electrolysis Unit Stagt Ballasting

15 | TRO Check(each 2 minute) Ballasting | TRO value | Voltage Current

e #hev

Yo¥ | e | 2w

P Ja Bhev

Gy | Eoe | 3

P £ AL e

Fogd | e | e

Ser i A B
g 4w [ B el
o el L Bijav

S @{‘f’{ ;"s e "2*? L

T ey Hjus
sAL | b | Mee
Fog | S | dfes
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Witnessed by © KIOST

Check List for Land-Based Test Mode | Ballasting Test No. : e sl b i,
Test water | Low Salinity Water DATE © perd ¥, /fwé
Time No. Work Mode Value Remark
¥ TRO Checkleach 2 minute) Ballasting | TRO value ! Voltage Current
SeL i e Hiee
e e |
£ o eIt
FA ey s
7. £ Fhrv
St | Ao Bhew
FoL i o Bl b
Fobst | e | Béée
SOk £y 34ée
e, s Shév
redid | s gébe
Feih £, % Ghfe
F o S Fide
evai | fFo3 2hbw
A Bk % b
7 16 [Monitoring of Sampling(beginning) Ballasting Treatect & Control
de 3% 17T Monitoring of Sampling (rmiddle) Ballasting Treated & Controt
T 18 {Monitoring of Sammpling{end) Ballasting Treated & Conirel
Fo T 19 [ GAS Sampling of Electrolyzer Ballagting
faonid 20 1GAS Sampling of Treated Tank Ballasting
it w A 21 |Electrolysis Unit Shatdown Ballasting
A 22 | Transfer Pump Stop Ballasting
s g7 | 23 | Valve Close Ballasting TFreated & Control
FERYI: 24 iLine Drain Ballasting Treated & Control
Reported By © KT MARINE w7 it 3. A ZFFI
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)

De-Ballasting Operation Log Sheet

Check List for Land-Based Test

Mode : Be-}

Jallasting

Test No. :/

Test water : Low Salinity Water DATE @ wwia,. % 4
Time No. ‘Work Mode Value Remark
S ».J‘x 1 Ready to Start Preparation
o 2 | System Check Preparation C,mm-()l P 1 - Meutrelizer |V

Valves v
Fe o 3 | Treated Water Tank Check Preparation
S e 4 TGAS Sampling of Treated Tank Preparation
P 5 |Treated Water Tank Sampling Preparation
e 6 | Mixing of Treated Tank Preparation
T 7 iPrepare of Neutralization reagent Preparation
7ok 8 Valve Check Preparation Treated & Control
£ e 3 | TRO Analyzer Check Preparation
10 | Valve Line up De-Balading Treated & Control
11 Valve Open De-Dallasting [mamj ?brf_m?i " Treated & Contral
AL S g
12 | Transfer Pump Start D Pllastivg :mn;(\j Contre) Treated & Contrel
gioed | 13 Injection of Neutralization reagent De-Pellasting
14 I'TRO Checkleach 2 minute? Te-Pallasting Before After
g, 39 e hﬁz;-z;s»»é;f;m};
o N O e gk gf’;@-;m
o o, e f 7t
e b e ef o/
4 o b i
P & 77
g v [ e 2
o d L 9 is
e by L6 ‘i
N E- 3
g b ooeid 7
-, 5% 3,0 i
o, ;"';“?" N 7
o g EARY: #
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Check List for Land-Based Test Mode : De-Balasting Test No. : fe selinise

Test water ¢ Low Salinity Water DATE © /2 ¥ 4
Time No. Work Mode Value Remark
14 I'TRO Check{each 2 minute) ePallesting Before | Afier
o, b ey
PR -‘L‘ e i
. §f e /
FRVEY 2F
e bk P &
N o ent 7
fa 1] P I
o, b¥ e e o
o i @, ey 4
N oogf s
15 iMonitoring of Sampling(beginning) | Te-Ballasing i“a;ig fj_ﬁi Treated & Control
16 | Monitoring of Sanplingliddle) | Do Belating [ Lol Treated & Contrel
i Funw i £4 s
17 |Monitoring of Sampling(end} TeBalacting | Tmintdn ‘(f_{m,m] Treated & Confrot
o Fas e
18 | Transfer Pump Stop De-Bellasting ;ijjti{; ; EOT&;!L} Treated & Conbrol
19 {Valve Close D Ballasting i_r::{fi /iﬂjt;% Treated & Control
20 1line Drain | T Bllacting: Z:i\t:z; /ijm;:i Treated & Conirol

Reported By © KT MARINE 3} kb3 A 977

Witnessed by : KIOST AoeE ﬂ/}iﬂm
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KT MARINE BWMS Check List for Land-Based Test(Final Approvai)
Ballasting Operation Log Sheet

Check List for Land-Based Test Mode : Ballasting
Test water © Low Salinity Water DATE : 7% /&, /6
|
Time No. Work Mode Value | Remark

1 Ready to Start Preparation

Control Panel | W |

e S 2 | Systern Check Preparation

Valves
s b 3 | Test water tank Check Preparation
i s 4| Addtives Neke-up in Tesi water tank Preparation
ir 4‘,{ o 5 | Waiting for Mixing(Test water tank} | Preparation
resds] 6 |Vave Check Preparation Treated & Control
Fhytopinkton el
Ferefe 7 {Check of Orgardsm density Preparation KOMREL —~
Zeopkankion rS L E:,
s aF & | Organism Injection Preparation
Saos AU 9 | TRO Analyzer Check Preparation
pn i 10 [Valve Line up Ballasting Treated & Control
- ;ﬁ« 11 |Ready for BEledroyzer Ballasting YES "V{ NO
s e 12 | Valve Open Ballasting Treated & Control
i 13 Transfer Pump Start Ballasting Treated & Control
Javfé| 4 Hlectrolysis Umit Start Ballasting
15 | TRO Check(each 2 minute) Ballasting | TRO value | Voltage Current
foatk £ 2 o fors
Fosd £ 4 b

g of | b | ghev

5, 7F 1 Gl | sgve
_ rap | 5 | e
Fogs | S | aQew
Joie | b | e
Y & o b an

A “A‘é"'f e 5 L

FEf L by | 2

] £ e ff'ﬁfﬁw 3 j iy
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Check List for Land-Based Test Mode  Ballasting Test No. : /éad cobin e

Test water © Low Salinity Water DATE @ ovs8, so, s
Time No. Waork Mede Value Remark
15 |TRO Checkleach 2 minute) Ballasting | TRO value ] Veltage Current
o e

%o

Blow
sdev
B
rEv e 16 |Monitoring of Sampling{begirming) Ballasting Treated & Control
Fa et | 17 | Monitoring of Sampling{middie} Ballasting Freated & Contrpt
s By 1B |Monitoring of Sampling(end) Ballasting Treated & Confrol
e 18 1GAS Sampling of Electrolyzer Baliasting
- 20 1GAS Sampling of Treated Tank Ballasting
P §.§j 21 iElectrolvsis Unit Shutdown Ballasting
far j%é{ 22 | Transter Pump Stop Ballasting
IEE §ff£ 23 |Valve Close Ballasting Treated & Control
A #y sv | 24 [Line Drain Ballasting ] Treated & Control
! Reported By + KT MARINE ~ ~o% A4 % o ,lé:;.m
}‘ Witnessed by @ KIOST /f}*{ el 3 W 4
{ [l Pl - f
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KT MARINE BWMS Check List for Land-Based Test(Final Approval)
De-Ballasting Operation Log Sheel

Check List for Land-Based Test Mode : De-Ballasting Test No. ! fie g o
Test water : Low Salinity Water DATE 1 »/4, ro. /f
Time Na. Work ‘ Made Value Remark
S e 1 |Ready to Start Preparation
) . Control Panel | | Neatralizer e
PR 2| Systermn Check Preparation Err— v
S i B 3 |Treated Water Tank Check Preparation
- 4 |GAS Sampling of Treated Tank Preparation
g 5 [Treated Water Tank Sampling Preparation
Aavfb ] 6 IMixing of Treated Tank Preparation
P 7 {Prepare of Neutralization reagent Preparation
Sl 8 |Valve Check Preparation Treated & Contred
i i 9 | TRO Analyzer Check Preparation
s3eaid |10 |Valve Line up De-Tafiasting Treated & Control
11 | valve Open Dbl [~ Comtttl ) rcated & Control
: rFak 4 iy
12 !Transfer Pump Start De-Ballasting T‘mamd (om.ml Treated & Contrdl
- /338 Ful ddy
PRIV 13 |Injection of Neutralization reagent DeTallasting
14 | TRO Check{each 2 minute) Te-Pallasting Before After
o e e hﬁi/f{q i
Joa¥ soe¥ s
/. 1.;?:» o dd &
fo i
Foid il e 7
£ i o #
FATES o, el e
Ny e el o
PRI £ off ##
TR aoe T 4
At R #
e oo f "
Foad ; &L e V
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Check List Jor Land-Based Test

Test water :

Low Salimity Water

Mode :© De—Ballasting

Test No. -

DATE :

Time No. Work Mode Value Remark
14 {'TRO Checkleach 2 minute) DBallasting Before After
P R ,,“,_Vg-?f;;{.(,,ﬁ_
¢ &3 rif
T e s 5
¢ E#7) o
f;{» [ é,f 17
7 B G B
7 el @
WA ey #
AoEa P o
£ %f} Y e &
/oo O, e P
il e odf
L ) e ] aie Control - ]
15 |Monitoring of Samplingtbeginning) | Te-Pallasting Qe fz}i)r} T,::?w Treated & Control
- o . . , ] , Treated Control
16 [Monitoring of Sampling(middie) TePallasting T - Treated & Control
S e I3 :fE -
- _— - . o Treated Controi )
17 Monitoring of Sampling(end) Te-Balastirg Ny . Treated & Contral
AP Ve
Treated Control
18 Transfer Pump Stop Te-Bellasting vi ?} - e .ﬁﬁ; Freated & C(mtmL
Falen T S Treated Congrol I i
19 [Valve Close De-Ballasting TP T Trested & Control
% |Line Drai De-Bellacti Areted Contr Freated & Control
Jne Drain - Bellasting il b e v reated & Contro

Reported By @ KT MARINE o>

kt

w5 o A
BN "l‘y’~“'ﬁm

Witnessed hy @ KIOST

#]
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4.1.4

Low Temperature Water

KT MARINE BWMS Check List for Land-Based Test(Final Approval)

Ballasting Operation Log Sheet

Check List for Land Based Test Mode : Ballasting Test No. : lete T« aupertifupe]-
Test water : Sca Water( > 32PSU) DATE : >/%. ra. 3]
Time No. Work Mode Value Remark

53 3 Deg ‘ 1 |[Ready to Start Preparation '
Control Panel | V| Rectifir | V/
a3 v 2 !Syslem Checls Preparation e v |Blectrolyzer | W/
PREp R 3 ?Test water tank Check Preparation
s3 o2 bv | 4 Tenperanure check of Test water tank Preparation Basis © 250w
>3 +we| B Waiting for Mixing(Test water tank) | Preparation
a2 $f| 6 |[Valve Check Preparation Treated
33 zev| 7 TRO Analyzer Check Preparation
TR e 8 |Valve Line up Ballasting Treated
=23 - e | 9 |Ready for Electrolyzer Ballasting YES Y j NO
2> :z7a| 10 |Valve Open Ballasting Treated
23 11 | Transfer Pump Start Ballasting Treated
23y 12 |Electrolyzer Unit Start Ballasting
13 | TRO Check(each 2 minute) Bal]astiﬁgr TRO value | Voltage 7Current i
- | fe.ct) .2 S b‘;‘"
le i 7 Y
- JEDE 4.3 | advo
L& LE é.3 sl kv ]
seci | Yy | 2Yle
fe, > L{.{ ) Sl
o x| s | wibbe
| et o5 2ilgo
fe. ) 4.3 atley i
et | 4t | e
1 sodtF | d.2 Jl:ulfm;
Fo.1e &3 atlev
70, ¢l Ly -a-’—m«
/e ey 7y sdlew
P e L-' % 2t e
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Check List for Land-Based Test

Mode : Ballasting

Test No. : /.. T"{‘xi?’\/&‘.’»‘n‘a}-&

Test water : Sca Water( > 32PSU) DATE : &¢/3, /fa.>0)
Time No. Work Mode Value Remark
13 ?RO ({heck(each 2 minute) Ballasting | TRO value | Voltage kilxﬂent
- - ey | b3 | ades
N - 75 th 43 atfev
Soeb | &y | sudeo )
o - £E P tod 2ty
- re. 34, 3 dlev i
| 7o %] &3 2ifov
Foce | Y9 | e
N 9 £ Oy o3 siheve
S = /O g Y3 ailey
7ot .3 ERIPEY
/€ 3 il iy
socds | Yo it o
selzed | 14 |Electrolyzer Unit Shutdown Ballasting
&a,. se7 | 15 | Transfer Pump Stop Ballasting
aifse 5 16 | Valve Close Ballasting Treated
EVIRY 17 | Line Drain Ballasting Treated
— —
| Reported By : KT MARINE vk 3 A%7732
f -

Witnessed by : KIOST
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4.2 TRO Concentration Monitoring Graph
4.2.1 Sea Water

Ballasting : 2013.05.30

Sea water - 1'st De-Ballasting : 2013.06.04

12
11 ~ /\A /A\
g y4 Ave—10:17
TRO con. g 4
(mg/L) 5
§ _ \ 5
3 Ave. 5.0V
% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1A‘Ie |n Oql T

2 4 6 81012141618202224262830323436384042444648505254565860

Operating time (min)
—RBallasting TRO ===TRO before neutralization ===TRO after neutralization

Ballasting : 2013.06.06

Sea water - 2'nd De-Ballasting : 2013.06.11

12
11 A
R het —Ave.—10.37
8

TRO con. g

(mg/L) 5

4 /
% 7 Ave—3:79
% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | I L | L Iili‘lA'"Ie' |n’ol;| T

2 4 6 81012141618202224262830323436384042444648505254565860

Operating time (min)
——Ballasting TRO ===TRO before neutralization ===TRO after neutralization

Ballasting : 2013.06.13

Sea water - 3'rd De-Ballasting : 2013.06.18

11

10 — e, e

g Ave. 10.28
TRO con. g
(mg/L) 5

;=

> Ave. >5.00

g_) 1 T T T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 T T T qA\"’&_FgTQlI_I_I

2 4 6 81012141618202224262830323436384042444648505254565860

Operating time (min)
=—Ballasting TRO ===TRO before neutralization ===TRO after neutralization
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Ballasting : 2013.06.20

Sea water - 4'th De-Ballasting : 2013.06.25

12
%% N /_\v/\ e p—— o
9 v A 1O ON
8 AVE., 1U. DU
TRO con. g
(mg/L) 5
4
% g == Ave 249
1
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 'IA\I? T n Qq T T

2 4 6 81012141618202224262830323436384042444648505254565860
Operating time (min)
=Ballasting TRO ===TRO before neutralization ===TRO after neutralization

Ballasting : 2013.07.04

Sea water - 5'th De-Ballasting : 2013.07.09

12
11 —— 7~
18 / A EWaNaVal
8 / RVE 1U.Z0
TRO con. g
(mg/L) 5
J 4
% J— Ave 236
-
% 1 T T T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 'IA\IE Inoﬁl T

2 4 6 81012141618202224262830323436384042444648505254565860

Operating time (min)
=——Ballasting TRO ===TRO before neutralization ===TRO after neutralization

Ballasting : 2013.08.22

Sea water - 6'th De-Ballasting : 2013.08.27

12
11
I
10— — =~
9 Ave 1046
8
TRO con. g
(mg/L) 5
4
3 — Ave. 2.88
(1) 1 1 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 'IA\,E In OAI T
2 4 6 81012141618202224262830323436384042444648505254565860
Operating time (min)
=Ballasting TRO ====TRO before neutralization ===TRO after neutralization
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4.2.2 Brackish Water
Ballasting : 2013.07.11
. De-Ballasting : 2013.07.16
Brackish water - 1'st
11
g8 I/ Ave.9.78
TRO con. Z
(mg/L) 3
3
2
0 s ———
O _qfl 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 1 1 Avé. |0.03| 1
2 4 6 831012141618202224262830323436384042444648505254565860
Operating time (min)
——Ballasting TRO ===TRO before neutralization ===TRO after neutralization
Ballasting : 2013.07.18
. De-Ballasting : 2013.07.23
Brackish water - 2'nd
11
18 /‘ = ~
3 —\y Ave. 9.27
7
TRO con. ¢
(mg/L) 3
3
2
1 = A raYW. hw
O _-T 1 1 1 1 1 1 L I I 1 1 1 1 1 1 1 1 1 1 I 1 ) Ave. U‘Ub T 1
2 4 6 831012141618202224262830323436384042444648505254565860
Operating time (min)
=Ballasting TRO ====TRO before neutralization ===TRO after neutralization
Ballasting : 2013.07.25
. De-Ballasting : 2013.07.30
Brackish water - 3'rd ?
12
11 —
0 | —— ~ —
g 7/ Ave. 1023
TRO con. g
mg/L) 5
(mg/L) 2
3
2
L Ave—0-47
O _ﬁil 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I_\Ve‘ IU‘QJL‘I,I 1
2 4 6 831012141618202224262830323436384042444648505254565860
Operating time (min)
—RBallasting TRO ===TRO before neutralization ===TRO after neutralization
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Ballasting : 2013.08.08

Brackish water - 4'th De-Ballasting : 2013.08.13

12
18 '/ . Ave. 1037

8
TRO con. g
L) 5
(mg/L) 3
3
2
1

0 | —7——7F"——"——"—"> Ll 004

24 6 81012141618202224262830323436384042444648505254565860

Operating time (min)
=Ballasting TRO ===TRO before neutralization ===TRO after neutralization

Ballasting : 2013.08.15
De-Ballasting : 2013.08.20

Brackish water - 5'th

TRO con.
(mg/L)

=
OFRNWRAUIOINOWOO RN
\\

A\ 0.17 . A A
I I q I I I T AVeE. TU.UDT 1
2 4 6 81012141618202224262830323436384042444648505254565860
Operating time (min)
=Ballasting TRO ====TRO before neutralization ====TRO after neutralization

Ballasting : 2013.08.29
De-Ballasting : 2013.09.03

Brackish water - 6'th

12
N A 1AL
g AVE., 1LU.ZO
TRO con. g
(mg/L) 5
4
3
2
1
0 I e s m e e e |‘T%ﬁ'@'@gﬂ_\

2 4 6 81012141618202224262830323436384042444648505254565860
Operating time (min)
—Ballasting TRO ===TRO before neutralization ===TRO after neutralization
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4.2.3 Low Salinity Water

Ballasting : 2013.09.12

. o . De-Ballasting : 2013.09.17
Low salinity water - 1'st

11
9
s |/ Ave. 9.88
7
TRO con. 6
(mg/L) >
4
3
2
1 Ave—0:55
O T LI 1 1 T T LI L T LI LI T LI T T T [ Ave_ '0.02' 1
2 4 6 81012141618202224262830323436384042444648505254565860
Operating time (min)
=RBallasting TRO ===TRO before neutralization ===TRO after neutralization
Ballasting : 2013.10.10
. . , De-Ballasting : 2013.10.15
Low salinity water - 2'nd
11
10 AN\
W s \/_\——/—__-—\
9
3 Ave. 9.67
7
TRO con. 6
(mg/L) >
4
3
2 Ave. 144
1 =
O I I I L I I I 1 1 ) 1 1 1 1 I 1 I I I T T T 'IA:\"e‘ IO'O4I 1
2 4 6 81012141618202224262830323436384042444648505254565860
Operating time (min)
=RBallasting TRO ===TRO before neutralization ===TRO after neutralization
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4.2.4

Low Temperature Water

=
o R

TRO con.
(mg/L)

O R, N WD UIO N 0O

DATE : 2013.12.27
——Ballasting TRO

Low temperature test

N — e——— 7
| N

—
Ave.—10.18

2 4 6 81012141618202224262830323436384042444648505254565860

Operating time (min)
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